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INTRODUCTION 


The results described in this paper are not by 
any means complete, nor are they in every respect 
unequivocal, but the author feels justified in pub- 
lishing them as they stand if only because, in the 
present state of our knowledge of anthelminthics, 
almost any serious contribution to the field is 
likely to be of value to others engaged upon its 
many problems. The results of biological tests 
of about 200 synthetic compounds for anthel- 
minthic properties are described, and the author 
wishes to express his thanks and profound in- 
debtedness to Prof. E. Friedmann, to whom the 
broad plan of the work was due, and without 
whose expert chemical work the investigation 
could not have been undertaken. With a few 
exceptions, all the substances tested were prepared 
in this laboratory by Prof. Friedmann, latterly 
with the assistance of Mrs. B. Berrill. 

The aim of the investigation was to discover as 
much as possible about the relationship between 
chemical constitution and anthelminthic potency 
and to find, if possible, new drugs that might be 
of value in the treatment of nematode infestations. 
It must be emphasized that, while the term 
“anthelminthic”” as ordinarily employed refers 
indiscriminately to drugs acting upon parasitic 
worms of any kind, in the present context it relates 
specifically to compounds acting upon nematodes. 

Recent work on the chemotherapy of microbial 
diseases has led to the discovery of the sulphon- 
amides, penicillin and a number of other specific 
antibiotics such as atebrin and plasmoquine, and 
to the beginnings of a rational approach to chemo- 
therapeutics. In the field of anthelminthics, how- 
ever, although a considerable amount of work has 
been done, no comparable new drugs have been 
discovered, and advances can at present only be 
expected from the classical method of trial and 
error. While the comparatively recent introduc- 
tion of hexylresorcinol in cases of nematode in- 
festation undoubtedly represents a great advance 

H 


in therapy, especially in ankylostomiasis, the 
drug most widely used in human ascariasis is still 
santonin, the active principle of Artemisia mari- 
tima, var. anthelminthicum, a remedy that has 
come down to us from antiquity. 


CHOICE OF A METHOD 


A perusal of the literature indicates that the 
highest orders of anthelminthic activity may be 
expected among lactones, some of which have 
been reported (e.g., by Gluschke, 1932; Rosen- 
mund and Schapiro, 1934) to be even more potent 
than santonin, itself a lactone. Our own results, 
however, indicate that the conclusions of earlier 
workers in the field must be accepted with con- 
siderable reserve, for, although we have tested 
more than 30 lactones of various types, not one 
has proved to have activity comparable with or 
even approaching that of santonin. That our 
results stand in marked contrast to those of other 
investigators we attribute to the use of different 
methods of in vitro testing. Relatively few tests 
appear to have been made on nematode-infested 
hosts, and many of the observations and conclu- 
sions reported in the literature have undoubtedly 
been prejudiced by the use of annelid material 
for the detection of anthelminthic potency in vitro. 
This method became current after its acceptance 
by Trendelenberg (1916), who, finding Ascaris a 
very refractory material, resorted to the earthworm 
as a convenient alternative. ‘“ Dass die Regen- 
wiirmer in derselben Weise wie die Spiilwiirmer 
auf Santonin mit Erregung reagieren wiirden 
schein héchst wahrscheinlich,” he wrote. But 
Lamson and Ward (1936) condemned the use of 
earthworms as “ irrational” and showed that “a 
comparative study of the lethality of 121 widely 
diversified chemical substances on both earth- 
worms and pig Ascaris shows no correlation of 
action.” 

The extensive studies of Lamson et al. (1935, 
1936), which led to the discovery of the valuable 
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anthelminthic properties of hexylresorcinol, were 
carried out on intact specimens of pig Ascaris, a 
notable advance in the technique of in vitro test- 
ing. But whole Ascaris is not a reliable test 
object. As long ago as 1885, von Schroeder 
studied the influence of various substances upon 
intact roundworms and was astonished by their 
resistance to drugs of many kinds. Most surpris- 
ing of all was his observation that santonin, in 
spite of its established reputation as an anthel- 
minthic, seemed to have little effect, even when 
applied in saturated solution over periods of many 
hours. Trendelenberg (1916) referred to a number 
of similar observations. Lamson and Brown 
(1936) likewise were unable to demonstrate that 
santonin has any significant effect upon intact 
Ascaris, and it was only when its action was tested 
upon isolated anterior fragments of the worm 
(Rebello and Rico, 1926; Baldwin, 1943a) that 
any effect of santonin was conclusively demon- 
strated in vitro. Baldwin came to the conclusion 
that, in fact, santonin acts by paralysing the 
central nervous system of the parasite without 
much affecting the peripheral neuro-muscular 
systems, so that the worms are, in effect, inco- 
ordinated by its action, though not “dead” or 
even moribund to casual observation. 


Baldwin (1943a) used small, tied-off neuro- 
muscular preparations of pig Ascaris with an 
intact cuticular layer. Unlike earthworm and 
leech preparations, these do not react to any of 
a large number of compounds known to be devoid 
of anthelminthic properties though possessing 
powerful physiological or pharmacological activity 
of other kinds, but respond nevertheless to most 
drugs of acknowledged anthelminthic potency. 
Earthworms and leeches are notoriously sensitive 
to a wide range of chemical compounds, many 
of which possess no known anthelminthic activity 
whatever, and we cannot believe that results 
obtained with these materials can necessarily be 
applied without reservation to nematodes. 


As was pointed out in an earlier paper (Baldwin, 
1943a), our normal test preparations of Ascaris 
fail to respond to acetylcholine, with or without 
eserine, even at concentrations as high as 1 : 5,000. 
Following up this interesting phenomenon we 
later devised an Ascaris preparation of which the 
muscle can be directly exposed to the action of 
any desired drug (Baldwin and Moyle, 1947) : 
in our normal test preparations the musculature 
is surrounded by an intact cuticular layer. With 
the new “exposed” preparations we found that 
the isolated muscle is stimulated by acetylcholine 
at concentrations of the order of 1:10°-1:10°. 


The response is not demonstrably potentiated by 
eserine ard is, apparently, a pure nicotine action 
(Baldwin and Moyle, 1948). Earthworm or 
leech muscle, by contrast, reacts both to the 
nicotine and muscarine effects of acetylcholine, as 
well as to adrenaline and a number of other com- 
pounds to which isolated Ascaris muscle shows no 
response whatever. To the evidence already 
adduced by Lamson and Ward (1936) we can thus 
add direct pharmacological evidence of the 
unsuitability of annelid material as a test object 
in anthelminthic studies. 


The failure of our normal preparations to 
respond to acetylcholine shows, not that the muscle 
is insensitive to this compound, but rather that the 
cuticle is impermeable to it. There is other evidence 
to show that the cuticle of Ascaris displays highly 
selective permeability (Trim, 1944). It would 
appear, therefore, that a satisfactory anthelminthic 
must possess at least two attributes: it must 
(a) be capable of penetrating the nematode cuticle 
and (b), having so penetrated, have a deleterious 
action upon nematode tissues. Any sound in 
vitro method for the detection and measurement 
of anthelminthic activity should therefore be 
based upon material of nematode origin and with 
an intact cuticular layer. Earthworm and leech 
preparations of the kind usually employed possess 
nothing analogous to the cuticular barrier present 
in our Ascaris preparations, nor is there any 
guarantee, nor even any a priori probability, that 
their responses to a given drug can furnish any 
clue to the action of that drug upon the tissues 
of the nematode. Not only do they belong to an 
entirely different animal phylum, but the 
Nematoda as a whole display many unique 
morphological and physiological features (see, for 
example, Lapage, 1937). 

The use of these Ascaris preparations has certain 
rather sharply defined limitations, however. First, 
some drugs that fail to gain access to the tissues 
by way of the cuticle might be able to penetrate 
by way of the mouth and the alimentary tract, 
which is occluded in our preparations. Further, 
our preparations cannot detect directly the anthel- 
minthic potentialities of any compound which, 
like certain arsenicals (da Costa, 1931), relies upon 
the tissues or digestive secretions of the host for 
their evocation. Last, and most important, our 
preparations are unlikely to detect anthelminthic 
activity in compounds that act otherwise than upon 
the neuro-muscular apparatus, but the sharp 
positive correlation between acknowledged anthel- 
minthic potency and positive in vitro responses 
observed in our earlier experiments (Baldwin, 
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1943a) would seem to prove that practically all 
the well-tried, acknowledged anthelminthics do, in 
fact, act upon the neuro-muscular apparatus. 
Nevertheless, two important drugs failed to evoke 
any response—viz., phenothiazine and gentian 
violet, both of which enjoy a high reputation in 
therapeutics. The mode of action of these com- 
pounds is still somewhat obscure. It is possible 
that they undergo conversion within the host into 
potent anthelminthic products, but it is possible 
also that they act otherw:se than upon the neuro- 
muscular mechanisms, possibly upon the repro- 
ductive organs. It accordingly follows that our 
present experiments do not cover the complete 
field of actual or potential anthelminthics, but in 
the absence of convenient routine methods for 
investigating substances that act through other 
channels the procedure used in the present study 
seems, in spite of the limitations already enumer- 
ated, to offer the most profitable line of immediate 
approach. 

Essentially, therefore, our observations cover 
the activity only of compounds that act upon the 
neuromuscular apparatus and gain access thereto 
by way of the cuticle. 


PROCEDURE 


Different anthelminthics undoubtedly act in 
different ways. Lamson and Ward (1932) have 
divided anthelminthics into five groups according 
to whether they (i) cause temporary narcosis or 
paralysis followed by recovery, (ii) narcosis or 
paralysis followed by death, (iii) injury to the 
cuticle, (iv) digestion of the parasites, or (v) un- 
explained death. All the drugs in general use have 
one property in common when applied to our 
test preparations: all lead to paralysis of the 
anterior region of Ascaris. This paralysis is some- 
times followed by other phenomena: for example 
by contracture with phenolic drugs such as hexyl- 
resorcinol, thymol, and {-naphthol ; occasionally 
the sequelae are strongly characteristic of indi- 
vidual drugs. We have not been able to rule out 
the possibility that the paralysis observed in our 
tests might sometimes be followed by spontaneous 
recovery, but no such recovery has been observed 
in the course of the work. Since, therefore, our 
experiments were mainly of an exploratory nature, 
we decided to use the common feature of paralysis 
as our criterion. This is certainly convenient and 
for the most part probably reliable; its use is, 
we felt, preferable to setting up different criteria 
for individual drugs or groups of drugs, none of 
which might be quite comparable with another in 


any case. 


All the biological tests reported here were car- 
ried out on “ anterior preparations ” by the method 
already described (Baldwin, 1943a). The drugs 
were prepared for testing by the methods described 
in the same paper, and each compound was tested 
at several different concentrations, each test 
usually lasting for 30 min. This enabled us to obtain 
approximate quantitative data descriptive of the 
potencies of the compounds by awarding “ marks ” 
according to the following scale: 


‘Mark’ 
Producing paralysis in < 10 min. ++++ 
” 39 ” 0 min. + se i 
‘es Sa gaa 10-20 min. ++ 
Re ss 95 20-30 min. ae 

sae ee (+) 
Very weak or doubtful -t: 


Inactive 


In order to obtain more precise data it would 
have been necessary to work statistically, and the 
time taken to do so would more than have 
outweighed the advantages gained by using this 
relatively rapid in vitro technique. The more active 
and therefore more interesting compounds were 
tested several times and the results averaged, but 
two or three tests were carried out with every com- 
pound. - As a precaution against unwilful selection 
of evidence, each substance was allotted a code 
number and tested before its identity was disclosed. 

As standards of reference we carried out 
numerous experiments with a number of well- 
known drugs, the results of which are set forth 
in Table I in terms of the concentration cf each 
required to produce complete paralysis of the 
anterior region in 20-30 min. 


TABLE I 
ACTIVITIES OF SOME STANDARD COMPOUNDS 





| Concentration 








Compound | producing Nature of 
| paralysis in | preparation 
| 20-30 min. 

Santonin be ~ 1: 100,000 | Solution 
Hexylresorcinol ce -. | 1: 10,000 Fe 
-Benzylphenyl carbamate 1 ; 5,000 ae 
hymol oe a 1; 5,000 a 
8-Naphthol ; 1: 5,000 ie 
Oil of Chenopodium 1 : 5,000 Emulsion 
Carbon tetrachloride .. 1; 2,000 = 
Tetrachloroethylene .. Pan 1: 2,000 | 
1 


Chlorbutol ... Re | : 1,000 | Solution 





THE ACTION OF SANTONIN 


Santonin has been used in the treatment of 
certain nematode infestations since the dawn of 
history and its efficacy in practice has never been 
seriously questioned. But to this day we do not 
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know what group or radical is responsible for its 
outstanding activity. Trendelenberg (1916) dis- 
covered that previously denervated fragments of 
earthworm muscle remain practically motionless 
in Ringer’s solution but that, on the addition of 
santonin, their tone rises sharply, leading to the 
onset of powerful rhythmic contractions wh'ch 
persist as long as santonin is present in the 
medium. The same effect, which is freely revers- 
ible, was also evoked by desmotroposantonin, by 
santonin oxime and by tetrahydrosantonin, all of 
which contain unmodified the lactone ring present 
in santonin itself. Santoninic acid, in which the 
lactone ring is opened, was quite inert, even in 
relatively concentrated solutions, and Trendelen- 
berg therefore concluded that santonin owes its 
stimulant action to the presence of its lactone 
ring. In support of this conclusion he pointed 
out that other lactones—e.g., pilocarpine and 
coumarine, similarly lose their characteristic effects 
if the lactone ring is opened. 

Oswald (1924) pointed out that the physiological 
activity of many substances is destroyed by the 
introduction of a carboxyl group into the molecule 
and suggested that the inactivity of santoninic 
acid might be due to the presence of its free 
carboxyl radical rather than to the absence of the 
lactone ring. In support of Trendelenberg’s view, 
Josephson (1931) found that santoninic amide, like 
the acid, is inert. On the other hand, Oshika 
(1921) found that the ethyl esters of santoninic 
and santonic acids were both active towards 
earthworm muscle, the corresponding free acids 
being inert. It would therefore appear that, at 
least as far as earthworm muscle is concerned, the 
activity of santonin cannot be due solely to the 
lactone ring. 

Caius and Mhaskar (1923), working on patients 
infested with Ascaris, administered a number of 
santonin derivatives and determined the percen- 
tages of cases cured by one test treatment. Some 
of their results are recorded in Table II. The 
behaviour of santoninic acid might, of course, be 
due to the ease with which, under acid conditions 


TABLE II 
(Results of Caius and Mhaskar, 1923) 





| % patients cured by 
one test treatment 


Compound 








Santonin at — - oy 80 
Santoninic acid ie as a 73 
Santonic acid s ee Pa 84 
Santonous acid - a a 67 
Desmotroposantonin ea ae 0 
Santonone.. a = x 0 





such as prevail in the stomach, the free acid reverts 
to the lactone. 

But lactonization is not possible in either san- 
tonic (unless perhaps after previous reduction) or 
in santonous acid, both of which were active. 
Caius and Mhaskar came therefore to the conclu- 
sion that the active centre of the santonin molecule 
is the ketonic group of the unsaturated ring. This 
is present in santonin, santoninic acid and santonic 
acid. Santonous acid is usually figured in its 
enolic form, but that it can undergo ketonization 
is evident since it forms an oxime with hydroxyl- 
amine and a hydrazone with phenylhydrazine. 
Desmotroposantonin, which forms neither an 
oxime nor a hydrazone, does not ketonize and is 
inactive; santonone, also inert, likewise possesses 
no ketonic grouping. 

Two further possibilities come to mind. Anthel- 
minthic activity might be attributable to the 
presence of an unsaturated ring. Lamson ef al. 
(1935), for example, found that 4—phenylphenol 
was very much more active than 4—cyclohexyl- 
phenol ; Lautenschlager (1921) and Rosenmund 
and Schapiro (1934) similarly found great increases 
in physiological activity among lactones when 
phenyl groups were introduced, and we too have 
found that the introduction of a phenyl radical 
leads to great increases in anthelminthic activity 
in several groups of substances, notably among 
lactones, thiazoles, and pyridines. But tetrahydro- 
santonin (272), although fully saturated, proved in 
our tests to be as active as santonin itself. 

A further possibility, that the angular methy! 
group present in santonin and all its active 
derivatives may be involved, seems worth investi- 
gating in view of the importance of groups of this 
kind in determining the action of sex hormones. 
The masculinizing hormones _ (androsterone, 
testosterone) possess two angular methyl radicals 
and the oestrogenic hormones (oestrone, oestradiol) 
one only, while progesterone, which suppresses 
some of the characteristic features of feminine 


TABLE III 





Active as santonir Inactive 


d- Desmotroposantonin (223) 
*f,-Santonin (32) l- Desmotroposantonin (224) 
Santoninic acid (225) l- Desmotropo-3-santonin) (263 
Tetrahydrosantonin (272) , d-Santonous acid (261) 
Santonin oxime (239) l-Santonous acid (241) 
Santonic id (226) 
Ethyl santonate (256) 
Allantolactone (34) 
-Santonin (33) 





Santonin (3rz) 





* Isomeric with santonin (Clemo, 1934); activity ca. 20% that of 
santonin (Baldwin, 1943b). 
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sexuality while emphasizing others, resembles the 
androgens in containing two such groups. 

We have not attempted an exhaustive survey 
of the structure-activity relationships of the 
santonin group, but the results listed in Table III, 
which summarize the results of our experiments 
on these substances, are of some interest. In all 
the active compounds with the exception of 
santoninic acid, which probably owes its activity 
to the ease with which it reverts to santonin in 
aqueous solution, we find three structural features 
in common. These are: 


(a) an intact y—lactone ring, 
(b) a double bond at position 7, and 
(c) an angular methyl group at position 10. 
The numbering, which is arbitrary, refers to the 
following structure: 
co 





One or more of these characters is absent from 
all the inert derivatives. The inactivity of santonic 
acid is evidently not due simply to the fact that 
it contains a free carboxyl radical, for its ethyl 
ester also is inert; probably, therefore, the in- 
activity of the acids cannot be attributed solely 
to their free carboxyl groups. 

Although there is insufficient evidence to prove 
that the methyl group at position 10 is essential, 
it seems very probable indeed that the other two 
features must both be present if the substance con- 
cerned is to possess anthelminthic action. We 
may therefore suspect that santonin owes its 
efficiency to the simultaneous presence of both 
these features rather than to the presence of either 
alone. One of the difficulties that stand in the way 
of the further pursuit of the santonin problem is 
the considerable doubt that still attaches to the 
structure of some members of the group. We may 
tentatively suggest however that both the lactonic 
and the ketonic groups contribute to the total 
anthelminthic potency of the santonin molecule 
and of its active derivatives. As we shall show in 
later sections of this paper, both these groupings 
possess potentialities for anthelminthic activity, 
and the outstanding potency of santonin itself may 
perhaps be due to the unique manner in which 
these two active centres are linked together. 
Finally, though at present there is_ insufficient 
evidence to show that the angular methyl group 


plays any part in determining the activity of 
members of this group of compounds, this is a 
possibility that cannot at present be eliminated 
and would probably repay further investigation. 
Clearly, the santonin problem is still a long 
way from its solution and much more work is 
needed before any final conclusions can be drawn. 
Taking santonin as our starting point it seemed 
desirable to discover whether its powerful activity 
is shared by other unsaturated ketones on the one 
hand, or by lactones on the other. Our experi- 
ments on these groups of compounds are presented 
in the next two sections ; the remaining sections 
are devoted to certain other groups—viz., phenols, 
thiazoles, pyridines, and miscellaneous substances. 


RESULTS AND DISCUSSION 


In the Tables (IV-XXIII) recording the experi- 
mental results the name or formula of each com- 
pound is followed by the “ mark” awarded, the 
concentration tested and the code number, thus: 
C,H,CO.CH, ++ 1:1,000 /05. 


1. Aliphatic-aromatic ketones 
Benzylidene acetone can be derived (on paper) 


by partial “dissection” of santonin: 
aes 
CH; 4 | CH, 
WA, ee: 
s6 C0 
AINA V4 VA 
CH, 


santonin henzylidene acetone 

This compound and a group of related ketones 
(Table IV, A) proved to possess appreciable 
anthelminthic potency and attempts were made 
to increase this by chemical manipulation of the 
molecules. Activity here seems to be mainly 
associated with the ketonic group, the presence of 
one or more unsaturated linkages in the side- 
chain increasing the activity somewhat. Replace- 
ment of the phenyl by a furfuryl radical (86) 
reduced activity considerably. 

Notable increases in activity were obtained by 
the introduction of alkyloxy radicals into position 
4 of benzylidene acetone but not of acetophenone 
(Table [V, B). This suggests that the unsaturated 
side-chain of benzylidene acetone carries greater 
anthelminthic potentialities than the saturated 
side-chain of acetophenone. Among homologous 
alkyloxy derivatives maximal activity was found 
in the 4-ethoxy compound, a fall in potency 
occurring when the length of this radical was 
further increased. The influence of the position 
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TABLE IV 

A C.H,CO.CH, | ++ | 1: 1000 105 : 
C,H;,CH,CO.CH, | + | 1: 1000 80 4 
C,H,CH:CH.CO.CH, | +4 1: 1000 92 : 

C,H,CH: CH.CH: CH.CO.CH, | +4 1: 1000 120 
C,H,0.CH: CH.CO.CH, | (+) 1: 1000 86 , 
ee ey ee ee ‘ | 4 
B C,H,CO.CH, ++ 1: 1000 105 4 
4-CH,O.C,H,CO.CH, 4 1:10 95 , 
4-C,H;0.C,H,CO.CH, | ++ | 1: 1000 93 , 
C,H,CH:CH.CO.CH, | ++ | i: 1000 92 4 
4-CH,0.C,H,CH: CH.CO.CH, +4 1: 2000 113 ; 
4-CH,CH,0.C,H,CH: CH.CO.CH, ‘ 1: 5000 81 

4-CH;,CH,CH,O.C,H,CH : CH.CO.CH, (+) 1: 5000 82 
4-(CH,),CHO.C,H,CH: CH.CO.CH, 4 1:200 | 89 ; 
4-CH, : CH.CH,0.C,H,CH: CH.CO.CH, + 1:200 | 8&4 

4-CH,CH,CH,CH,0.C,H,CH: CH.CO.CH, | + 1:200 | 83 

c..-— 4-CH,O.C,H,CH: CH.CO.CH, ++ 1:200 | 113 
3-CH,O.C,H,CH : CH.CO.CH, + 1:200 | 100 

2-CH,0.C,H,CH: CH.CO.CH, (+) 1: 2000 98 
4-C,H,O.C,H,CH:CH.CO.CH, | + 1:500 81 

3-C,H,O.C,H,CH: CH.CO.CH, - 4 1:200 | 99 

2-C,H,O.C,H,CH: CH.CO.CH, | (+) 1:200 | 97 








of the alkyloxy group was next determined, V, A). The introduction of allyl groups served 
maximal and minimal activities being found for only to diminish the existing activity (Table V, 
positions 4 and 2 respectively (Table IV, C). The  B). 


effects of pairs of alkyloxy radicals are not 
additive in the acetophenone series, and in the 
benzylidene series are actually antagonistic (Table 


The hitherto unsubstituted methyl group of the 
ketonic side-chain was now modified by the intro- 
duction of further CH, or C,H, radicals. This 


























TABLE V 
3 2 
A. Acetophenone derivatives 4 _Sco.cn, 
4-ethoxy + 1 : 2000 93 
2: 4-diethoxy + 1: 2000 218 
Benzylidene acetone derivatives a 2 = 
4<_Scu: CH.CO.CH, 
4-methoxy- + 1 : 2000 113 
4-ethoxy- + 1:5000 _ 81 
3: 4-dimethoxy- -- 1: 2000 91 
3: 4-methylenedioxy- (+) 1 : 2000 85 
3-methoxy-4-ethoxy ate 1: 2000 88 
2-methoxy-4-ethoxy (+) 1: 2000 104 
| Same compound 
B. Benzylidene acetone derivatives | without allyl 
2-methoxy-4-allyl- } 1:2000 109 (+) 1:2000 98 
2-ethoxy-4-ally! 1: 2000 110 (+) 1: 2000 97 
4-ethoxy-3-allyl 4 1: 2000 106 + 1: 5000 81 
2-methoxy-4-ethoxy-3-ally] -- 1: 2000 108 (+) 1: 2000 104 
3-methoxy-4-ethoxy-5-allyl 1 1: 2000 88 


: 2000 107 x 
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TABLE VI 
4-CH;0.C,H,CH;CH,.CO.CH, 1 4) 1: 2000 121 
4-CH,0.C,H,CH;CH,.CO.CH,CH, a 1: 2000 122 
4-CH,0.C,H,CH,CH,.CO.CH.CH.CH, (+) | 12000 123 
4-CH,0.C,H,CH: CH.CO.CH, ++ 1: 2000 113 
4-CH,0.C,H,CH : CH.CO.CH,CH, ++ 1: 2000 115 
4-CH,0.C,H,CH: CH.CO.CH,CH,CH, (+) 1: 2000 117 
4-C,H,O.C,H,CH : CH.CO.CH, + 1: 5000 81 
4-C,H,O.C,H;CH: CH.CO.CH,CH, 4 1: 5000 112 
4-C,H,O.C,H,CH : CH.CO.CH,CH,CH, insolluble 111 
4-Cl.C,H,CH: CH.CO.CH, ++ 1: 2000 101 
4-Cl.C,H,CH : CH.CO.CH,CH; insolluble 102 
C,H,0.CH: CH.CO.CH, (+) 1: 1000 86 
C,H;,0.CH: CH.CO.CH,CH, ++ 1: 2000 114 
TABLE VII 
R,CH——CH, 
; Pd » 
A. Cyclohexadiones R,CH Co 
__&, 
R, ° R, | 
C,H; | H ope 1: 1000 118 
CoH CN | 1: 1000 124 
C.H; CO.H | 1: 1000 103 
4-CH;0.C,H, | H _ 1: 1000 126 
B. «-Ketonic acids 
| | | 
C,H,;CH: CH.CO.COOH | 1:1000 | 96 
4-CH,0.C,H,CH : CH.CO.COOH | - 1:1000 | 125 
C,H,CH: CH.CH: CH.CO.COOH 1: 1000 116 
C,\H,OCH: CH.CO.COOH | — 1: 1000 87 





was done with derivatives of anisylacetone, 
4—-methoxybenzylidene acetone, 4—-ethoxybenzyli- 
dene acetone, 4-chlorobenzylidene acetone, and 
furfurylidene acetone. The results are shown in 
Table VI. There is a slight but probably signifi- 
cant increase of activity with the addition of one 
—CH,, — unit, followed by a decline when a second 
such group is introduced. 

Since cyclization of the side-chain of physio- 
logically active substances sometimes leads to 
important increases in their potency, and we had 
so far failed to obtain activities greater than about 
+ at 1:5,000, a series of cyclic diketones was 
tested: these may, for our purposes, be regarded 
as derived from cinnamylidene acetone (/20). 
These diones proved to be completely inert and 
so too did a series of o-keto-acids corresponding 
to some of the parent ketones (Table VII). 


The first halogenated products tested seemed to 
offer a prospect of greater activities, but no further 
increases could be obtained by the further intro- 
duction of alkyloxy radicals (Table VIII). The 
influence of phenolic (OH) groupings was next 
studied. Numerous phenols are known to possess 
important anthelminthic properties and some of 
these, notably thymol, ($-naphthol, and hexyl- 
resorcinol have found extensive employment in 
clinical medicine and veterinary science. The first 
attempts in this direction were somewhat dis- 
couraging, for the introduction of (OH) at position 
4 in acetophenone, and at position 2 in benzylidene 
acetone, completely destroyed such activity as was 
formerly present (Table IX). Further work, how- 
ever, brought to light some interesting phenomena. 
Whereas the introduction of (OH) at position 4 in 
acetophenone resulted in inactivation, substitution 
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TABLE VIII 
C,H,CO.CH, ++ 1: 1000 105 
C,H,CO.CH,Br { +++ ao 171 
4-CH,O.C,H,CO.CH, +4 1: 1000 95 
4-CH,0.C,H,CO.CH,CI ++ 1: 1000 181 
C,H,CH : CH.CO.CH, ++ 1: 1000 92 
4-Cl.C,H,CH : CH.CO.CH, ++ 1: 2000 101 

TABLE IX 

C,H,CO.CH, +4 1: 1000 105 

4-HO.C,H,CO.CH, 1: 1000 94 

2-HO.C,H,CO.CH, es 1 : 2000 213 

2: 4-(HO),C,H,CO.CH, : 1: 2000 127 

rT 1: 1000 

2-C,H;O.C,H,CO.CH; (+) 1 : 2000 228 

4-C,H,0.C,H,CO.CH, + 1: 1000 93 

2: 4-(C,H,O)».C,HsCO.CH, 4 1 : 2000 218 

2-C2110™c,H,CO.CH; ca 1: 2000 217 

2-HO t++ 1: 1000) 

EBS catco.cH, { “hy 1 2000 } 215 

C,H,CH: CH.CO.CH, ++ 1: 1000 92 

2-HO.C,H,CH: CH.CO.CH, “ 1: 1000 119 

2-CH,0.C,H,CH : CH.CO.CH, (+) 1: 2000 98 

2-C,H,0.C,H,CH : CH.CO.CH, + 1 : 2000 97 





at position 2 approximately doubled the activity, 
while simultaneous hydroxylation at positions 4 
and 2 yielded an inert product. But the introduc- 
tion of (OH) at position 2 in 4-ethoxyacetophenone 
had little influence, nor was there much change 
when, instead of (OH), a second ethoxy radical 
was placed in position 2. Further evidence of 
the inactivating influence of the 4-hydroxy group 
was obtained with 2-ethoxy—4—hydroxyaceto- 
phenone (2/7). Thus a phenolic (OH) abolishes 
the activity of acetophenone when placed in the 
4-position but tends to increase it when placed 
in position 2, unless the latent potentialities of the 
substance have already been evoked by the substi- 


tution of an alkyloxy radical in position 4, when 
the effects of the two substituents are not additive. 
Essentially the same phenomena were observed in 
a series of hydroxylated derivatives of halogenated 
acetophenones (Table X). Benzylidene acetone. 
unlike acetophenone, is inactivated by hydroxyla- 
tion at position 2. 


Thus no combination of the potentiating radicals 
used in these experiments raised the activity of 
the compounds beyond a value of about + at 
1:5,000. When, by the introduction of one 
potentiating grouping a relatively high order of 
potency had been developed, the addition of a 





TABLE X 
C,H,CO.CH, rer 1:1000 | 105 
C,H,CO.CH,Br {* + ‘ poe 171 

4-HO.C,H,CO.CH,Cl ’ 1: 1000 183 
2-HO.C,H,CO.CH,Cl +4 1: 5000 200 
2: 4-(HO).C,H;CO.CH.CI 4 1: 1000 170 | 
3: 4-(HO),C,H;CO.CH,C]_ 1: 1000 168 
: | ne 1: 1000 
4-CH,0.C,H,CO.CH,C1 { : t: 2000 } 181 
2-HO* 
4-C,H,0 CeH:CO.CH,CI | + 1 : 2000 203 
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TABLE XI 
2: 4-(HO),C,H,CO.CH, 1 : 2000 127 
2: 4-(HO),.C,H,CO.CH,CH, | + 1: 2000 ++ 1:1000 229 
2: 4-(HO).C,H;CO.CH,CH,CH, + 1: 2000 +++ 1: 1000 230 
2: 4-(HO),C,H,CO.CH,CH,CH,CH, +++ 1 : 2000 (+) 1: 5000 237 
2: 4-(HO),C,H,CO.CH,CH,CH,CH.CH, (+) 1: 10,000 + + 1: 5000 240 
2: 4-(HO),C,H,CO.CH,CH,CH,CH,CH,CH, | 1: 10,000; + 1: 5000 242 
2: 4-(HO),C,H,;CH,CH,CH, + 1 : 2000 259 
2: 4-(HO),C,H,;CH,CH,CH,CH,CH.CH, + 1: 10,000 5 
2: 4-(HO),C,H;CH,CH,CH,CH,CH,CH,CH, ++ 1:10,000 | 258 
— TABLE XII 

C,H;CO.C,H; (+) 1: 1000 220 

4-HO.C,H,CO.C,H; ++ | 1:1000 | = 132 

4-C,H,;0.C,H,CO.C,H; (+) | 1:2000 | 133 

2-HO.C,H,CO.C,Hs 1:1000 | 219 

2-C,H;0.C,H,CO.C,Hs ca 1:1000 | 227 





second potentiating radical was liable to diminish 
rather than increase it. 

A series of alkylated resorcinyl ketones was 
now examined. Resorcinyl methyl ketone itself 
was inert, but it was thought that the introduction 
of longer alkyl radicals into the side-chain might 
reveal some latent anthelminthic potency, much as 
the bacterial (Leonard, 1924) and the anthelminthic 
(Lamson, Brown, and Ward, 1935) potentialities 


(6-naphthol. (ii) This latent potency can be evoked 
by substitution of alkyloxy or phenolic radicals, 
in the benzene ring, or by halogenation. (iii) The 
influence of these potentiating radicals varies from 
one group of ketones to another and with the 
position of substitution. Finally (iv), the effects of 
these potentiating radicals are not additive and 
may, in fact, be antagonistic in certain compounds. 


len 

ve. of resorcinol are augmented. The results , 

in (Table XI) show that marked anthelminthic pro- ~ “a ete 

ted perties appear in resorcinyl ethyl ketone (229), Since Trendelenberg (1916) came to the con- 

am increase in intensity as the alkyl chain is clusion that the anthelminthic _ properties of 

a lengthened, and reach a maximum in the valeryl santonin are due to its lactone ring, many new 
ketone (240). Further lengthening of the chain lactones have been prepared and tested, for 
is attended by diminishing activity. These results example by Lautenschlager (1921), von Oettingen 

als run roughly parallel to those obtained by Lamson, (1929), Gluschke (1932), and Rosenmund and 

of Brown, and Ward (1935) for the alkyl resorcinols, Schapiro (1934). Activity greater than that of 

at but the ketones show appreciably less activity than Santonin has been claimed for some of these 

ne the corresponding non-ketonic alkylresorcinols products. . 

of (Table XI). Lautenschliiger (1921) tested a_ series of 

a Finally, a group of substances derived from 7-lactones (y—butyro-lactone, +-valerolactoné, 








benzophenone and containing two aromatic rings 
was investigated. The results (Table XII) contain 
little of interest beyond showing that the effects of 
hydroxylation at positions 2 and 4 are precisely 
opposite to those observed in the acetophenone 
series (Table IX). The effect of the ethoxy radical, 
as in benzylidene acetone, is greater in position 
4 than in 2. 

The conclusions reached regarding the behaviour 
of these ketones may be summarized as follows. 
(i) The ketonic group of aliphatic-aromatic ketones 
carries potentialities for anthelminthic activity 
which approach nearly to those of thymol and 


paraconic acid lactone and a number of sugar 
lactones and betaines). The simpler compounds 
had little action upon earthworm muscle, intact 
earthworms or the cardiac muscle of the frog, but 
great increases in activity with respect to these 
materials were obtained by the introduction of 
phenyl radicals. Phenyl butyrolactone and phenyl 
paraconic acid lactone were about half as active 
as santonin upon earthworm preparations, while a 
third product, phthalide (a: 8—benzbutyrolactone), 
was as active as santonin itself. A considerable 
number of related compounds also showed a high 
order of activity. 
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von Oettingen (1929) tested butyrolactone, 
valerolactone, valerolactone carboxylic acid, iso- 
caprolactone, o— and f-angelica lactones and the 
dilactone of acetone di-acetic acid, all of which 
had a more or less depressant action upon isolated 
earthworm muscle. This contrasts sharply with 
the powerful stimulant action of santonin upon 
the same tissue (Trendelenberg, 1916). von 
Oettingen found that activity was greatly increased 
by the introduction of methyl or carboxyl groups 
into the lactone ring or by the introduction of a 
double bond. At concentrations of 0.04 M, 
B-angelica lactone, valerolactone carboxylic acid 
and the dilactone were as active as santonin, 
though less so in more dilute solutions. von 
Oettingen and Garcia (1929) then showed that 
fB-angelica lactone removed all the roundworms 
from 7 out of 10 infested cats—one of the few 
‘published experiments in which lactones other than 
santonin have been tested in infested hosts. 

Gluschke (1932) prepared a number of lactones 
and claimed that certain lactones derived from 
a-tetralone, and nearly related to santonin itself, 
equalled or surpassed the latter in activity—viz., 
syntonins a and b (I and II). In these experiments 


again the test object consisted of earthworm 
muscle. 
O-CO 0-CO 
| / d 
() _CH, _CH.CH, 


Yy \ 
I ll 


Rosenmund and Schapiro (1934), following up 
the work of Lautenschlager (1921), prepared a 
series of substituted y—butyrolactones and tested 
their activity upon leech muscle and intact speci- 
mens of Ascaris. They state that the o-cresol 
ether and anisole derivatives of y—butyrolactone 
were from 3 to 4 times more active than santonin 
and that there was, moreover, a close parallel 
between the responses of leech muscle and of the 
intact roundworms. Yet, as has been pointed out, 
santonin itself has little or no evident action upon 
intact Ascaris (von Schroeder, 1885 ; Lamson et al., 
1935, 1936). It is accordingly difficult to assess 
the validity of Rosenmund and Schapiro’s observa- 
tions and conclusions. 

The variety of lactones which might have been 
made and tested is so large that we felt it necessary 
to restrict the scope of our work to some extent. 
We have however tested several groups of lactones 
in which a high order of activity was to be antici- 
pated from the results of our predecessors in this 
field, together with a number of miscellaneous 
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lactones representing a considerable variety of 
chemical types. 

a—Angelica lactone (23/) and its anisal derivative 
(234), the dilactone of acetone diacetic acid (238), 
and copper glycine (236), which has interesting 
structural resemblances to the dilactone, were 
tested at a concentration of 1:1,000. Only 
a—angelica lactone showed any activity (+ at 
1: 1,000) although, in view of the claims of von 
Oettingen (1929) and Rosenmund and Schapiro 
(1934), the anisal compound if no other might have 
been expected to show a very high order of activity 
indeed. More nearly related to santonin were the 
d— and |-desmotroposantonins (223, 224 ; III) and 
l-desmotropo—$-santonin (263). These com- 
pounds are very insoluble and were tested in 
saturated solutions. Had they possessed activity 
in any way comparable with that of santonin it 
would, according to our estimates of their solu- 
bilities, have been detectable in our experiments, 
but uniformly negative results were obtained. Of 


O-CO O-CO 
CH, / | CH, / d 
HO __CH.CH, Y : CH, 
Z\\A 
3 CH; 


iI IV 


particular interest in relation to Gluschke’s (1932) 
claims was an observation that alantolactone 
(34; IV), a substance even more closely allied to 
santonin than are the syntonins, was totally inert 
when tested at 1:2,000. According to von 
Oettingen (1929) the presence of a double bond 
augments the activity of the lactone ring so that 
a particularly high order of potency might have 
been expected here. 


A series of derivatives of y—-butyrolactone was 
also examined and here it was found that the 
activity of y-phenylbutyrolactone itself approaches 
that of santonin in fairly high concentrations. 
But the two substances are in no way comparable 
at’ lower concentrations, phenylbutyrolactone 
giving dubious or- slight activity at 1:10,000 
whereas santonin is still powerfully active at 
1: 100,000. Alkyloxylation removed the activity. 
Our results with this series of compounds (Table 
XIII) are entirely at variance with those of Rosen- 
mund and Schapiro (1934). 

In confirmation of an earlier observation 
(Baldwin, 1943a) coumarine (V) was found to be 
active and umbelliferone (7—-hydroxycoumarine) 
inert. 3—Hydroxycoumarine and 7-ethoxycou- 
marine were also tested. Chromone (VI), 2-cou- 
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TABLE XIil 
Phenylbutyrolactone +++ 1: 5000 260 
4-Ethoxyphenylbutyrolactone + 1: 1000 262 
2-Methyl-4-ethoxyphenylbutyrolactone a 1: 1000 266 
3-Methyl-4-ethoxyphenylbutyrolactone + saturated 267 
2-Ethoxy-5-methylphenylbutyrolactone — 1: 1000 264/5 
2-Naphthylbutyrolactone — saturated 268 
TABLE XIV 
Coumarine(V) | + 1:1000 7 
3-Hydroxycoumarine | _ 1: 2000 | 211 
7-Hydroxycoumarine + ~ 1: 1000 78 
7-Ethoxycoumarine | (+) 1: 2000 210 
Chromone (VI)_ | “a ) ; = 245 
Ethyl chromone-2-carboxylate (+) 1: 1000 257 
++ 1: 1000 
2-Coumaranone (VII) 4 1: 2000 233 
+++ 1: 2000 
3-Coumaranone (VIII) 4 1: 5000 186 
6-Hydroxy-3-coumaranone | — 1: 2000 191 
6-Ethoxy-3-coumaranone — 1 : 2000 190 














maranone (VII), and 3-coumaranone (VIII) were 
also examined, together with some of their deriva- 
tives, in view of their relation to phthalide (IX) 
which, according to Lautenschlager (1921), is as 
active as santonin. The results obtained with this 
group of compounds are listed in Table XIV. It 





CO, 
CH Ve, 
Cu CO 
VI VII 
\% aa 
CH, 2 oO 
Na” 
’ \cH,” 
VIII IX 


is noticeable first of all that in none of these fused- 
ring compounds does there appear any activity 
approaching that of santonin, or even comparable 
with that of phenylbutyrolactone (Table XIII). 
This would appear to indicate that higher potencies 
are associated with separated than with fused rings, 
a phenomenon which, as we shall see, appears in 
other groups of compounds. 

All four parent compounds (V-VIII) may be 
regarded as cyclized derivatives of o-phenols, and 


all possessed some activity. This seems to con- 
firm the observation that hydroxylation of aceto- 
phenone in position 2 (Table IX) leads to marked 
increases of activity. The most active member of 
the group, 3—coumaranone (VIII), may be re- 
garded as a cyclized form of 2-hydroxyaceto- 
phenone, with the activity of which (++ at 
1:2,000) its own is comparable. 6—-Hydroxy-— 
3—coumaranone, which may be compared with 
2:4-dihydroxyacetophenone (-— at 1:2,000), was 
inert, but there was no return of activity when the 
hydroxyl group at position 6 was replaced by an 
ethoxy radical (cf. 2-hydroxy—4—ethoxyaceto- 
phenone, 2/5). Hydroxylation of coumarine at 
position 7 similarly led to loss of activity, but in 
this case replacement of (OH) by an ethoxy 
radical was attended by the return of some degree 
of activity. . 

Three phenylated ketolactones derived from 
butyrolactone were also examined and found to 
be inert, while clavatin, which is believed to con- 
tain a lactone ring (Raistrick, 1943), and the 
azlactone of resorcinol aldehyde were also inert 
(Table XV). 

Taken as a whole these results show that con- 
siderable anthelminthic activity is in some com- 
pounds associated with lactonic structure. But 
the appearance of such properties among lactones 
is very sporadic indeed, so much so that they may 
well be purely fortuitous and associated with other 
structural features. Certainly there is no evidence 
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TABLE XV 
Ethyl 2-phenyl-4: 5-diketotetrahydrofurane-3-carboxylate 1: 1000 248 
2-Phenyl-3-acetyl-4 : 5-diketotetrahydrofurane 1: 1000 255 
2-Phenyl-3-cinnamy|-4 : 5-diketotetrahydrofurane saturated 253 
Clavatin - 1: 5000 232 
Resorcinol aldehyde azlactone insoluble 201 
to support the notion of a specific relationship Among the lactones previously examined, 


between anthelminthic potency and lactonic struc- 
ture. One outstanding point is the greater activity 
of compounds with separated as opposed to fused 
rings. 


3. Phenols 


Many phenols are known to possess anthel- 
minthic activity, and the work of Lamson et al. 
(1935, 1936) added many new ones to the list. 
Several phenols and phenolic derivatives have 
found wide clinical and veterinary employment, 
notably £—naphthol, thymol, and hexylresorcinol, 
all of which gave positive results in our tests. Our 
results with a number of phenolic derivatives of 
the aliphatic-aromatic ketones have already been 
described (Tables IX-—XII). 

Attempts were made to find new active deriva- 
tives of active phenols and a study was also made 
of several phenolic families that hitherto have not 
been systematically investigated. A number of 
phenolic acetates, chloroacetates, methylsulphon- 
ates, _benzenesulphonates, p-—toluenesulphonates, 
cinnamates, and carbamates have been prepared 
and tested, but proved for the most part to be 
inert or insoluble, apart from the carbamates 
(Tables XVI, XVII). The carbamates showed 





TABLE XVI 
Phenyl chloracetate i + 1: 2000 180 
Thymol + | 1:5000 7 
Thymyl] chloracetate - | 1: 1000 179 
Thymyl! methylsulphonate | 1: 1000 243 
1-Naphthol + | 1:5000 | 182 
2-Naphthol + | 1:5000 6 
2-Ethoxynaphthalene }. 1:1000 | 204 
2-Naphthyl acetate 1:2000 | 208 
2-Naphthy! carbamate + 1: 5000 221 * 
2-Naphthy! methylsulphonate in soluble 247 


Ethyl salicylate (+) 1:1000 | - 206 
2-Aminophenol — 1: 1000 165 
2-Aminothiophenol in soluble 166 





activity of the same order as the parent phenols 
and, in view of their lesser toxicity, are likely to 
be of practical use. 


greater activity had been found among those 
containing independent than those containing 
fused ring systems. It seemed desirable, there- 
fore, to discover whether the same rule might 
also apply among phenols. A number of phenyl- 
ated phenols were accordingly examined with a 
view to comparing their activity with that of the 
naphthols. One member of this series, 4~-benzyl- 
phenyl carbamate, is already in use on a fairly 
large scale under a variety of proprietary names. 
The results are listed in Table XVII where, as in 
Table XVI, the only useful derivatives were the 
carbamates. Several interesting relationships 
appeared, however, especially with reference to the 
position of the phenolic (OH) group. 

2—Hydroxydiphenyl (/35) was highly active 
(+ at 1: 10,000) and the 4-compound insoluble ; 
these effects resemble those observed with aceto- 
phenone (Table IX) and contradict the results of 
Lamson et al. (1935), who found the 4-compound 
strongly and the 2-derivative only feebly active. 
In the diphenylmethane series these effects were 
reversed, 4-hydroxybenzylphenol (/28) being 
about 3 times as active as the 2-compound (/30) ; 
here our results are in agreement with those of 
Lamson ef al. (1935). In strong contrast to our 
observations among the ketones we found that, 
among phenylphenols and benzylphenols alike, the 
replacement of (OH) by an ethoxy radical, whether 
in the 2— or the 4-position, always abolished 
activity. 

Compared with 1-naphthol (+ at 1: 5,000), with 
its fused rings, 2—hydroxydiphenyl, with inde- 
pendent rings gave a higher order of activity 
(++ at 1:5,000), thus falling into line with the 
results found among lactones. Further general 
confirmation is to be found in the fact that among 
the phenylphenols and benzylphenols alike, the 
active hydroxy derivatives showed potencies higher 
than that of 1— and 2—naphthols. The most potent 
substance discovered in this group was 2-hydroxy- 
diphenyl carbamate (/36), and it is noteworthy 
that this compound was found more active than 
the parent phenol (/35). 4-Benzylpheny! 
carbamate, a drug that has done good service 
in practice, is less active than the phenol from 
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TABLE XVII 
++ 1: 5000 | 
2-C,H,0.C,H,C,H; -- 1: 1000 | 206 
2-CH,,CO.0.C,H,C,H; _ & 0001 207 
++ | 1: 10,000 | 
2-H,.N.CO.O.C,H,C,H; (+) | 1 : 20,000 136 
2-CH,SO,0.C,H,C,H; - | ca. 1: 2000 | 244 
2-C,H;SO,0.C,H,C,H; insoluble 214 
2-(4'-CH,.C,H,SO,)O.C,H,C,H; insoluble } 212 
2-C,H;CH : CH.CO.0.C,H,C,H; insol uble 188 
, 4-HO.C,H,C,H; | insolluble 134 
4-C,H,0.C,H,C3H; aa 1: 2000 209 
4-CH,CO.0.C,H,C,H; insoluble 205 
4-H.N.CO.0.C,H,C,H; — 1: 5000 222 
B 2-HO.C,H,CH.C,H; + 1: 5000 | 130 
2-C,H,;O.C,H,CH.C,H; 1: 2000 | 131 
ms? | 1: 2000 
4-HO.C,H,CH.C,H; ; : ; a 128 
4-C,H;0.C,H,CH.C,H; _1: 2000 129 
4-H,N.CO.0.C,H,CH:2C,H; ++ 1: 5000 53 
4-CH,SO,0.C,H,CH,C,H; 1: 1000 | 246 





which it is derived, and less active also than 
2-hydroxydiphenyl carbamate. 

The results obtained with the carbamates sug- 
gested an investigation of some unsaturated amides 
and substituted ureas, none of which however 
yielded results of any great interest or importance 
(Table XVIII). Tests on the tolyl compounds were 
limited by the very sparing solubilities of these 
substances. 

The principal conclusion reached regarding the 
phenols may be summarized as follows. (i) The 
already abundant evidence for the anthelminthic 


TABLE 


potency of phenols and their carbamates has been 
generally confirmed. (ii) The position of the (OH) 
radical has different effects in different chemical 
groups. (iii) Phenols containing independent ring 
systems are more active than those in which the 
rings are condensed, and (iv)-one compound with 
considerable promise has been discovered-—viz., 
2-hydroxydiphenyl carbamate. 


4. Thiazoles 
Recent work on the chemotherapy of bacterial 
diseases has emphasized the importance of certain 





C,H;CH: CH.CO.NH, 

C,H;CH: CH.CO.NH.CH, 

C,H;CH : CH.CO.N(CH,). 

C,H;CH : CH.CO.NH.CH.CH, 
C,HsCH: CH.CO.N(CH.CH;), 
C,H;CH : CH.CO.NH.CH,CH.CH, 
C,H;CH: CH.CO.NH.CH CH,CH.CH, 


C,H;NH.CO.NH, 
C,H;NH.CS.NH, 


2-CH,C,H,NH.CO.NH, 
2-CH;C,H¢NH.CS.NH, 
3-CH,;C,H,NH.CO.NH, 
4-CH,C,H,NH.CO.NH, 
4-CH,C,H,NH.CS.NH, 


2-Naphthyl urea 
2-Naphthylthiourea 


XVIII 

1: 1000 | 189 

1: 2000 195 

1: 1000 196 

(+) 1: 1000 193 

(+) 1: 1000 | 194 

1: 2000 | 192 

(+) 1: 2000 | 187 
1: 1000 76/284 

1: 1000 285 

1: 10,000 | 282 

1: 10,000 280 

1: 1000 283 

1: 10,000 | 281 

1: 10,000 279 

insol|uble | 286 

insoluble 287 
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TABLE XIX 





2-Aminothiazole —~ 

2-Amino-4-methylthiazole — 
2-Amino-4-phenylthiazole 
2-Amino-4-(2’-hydroxypheny]l)-thiazole 
2-Amino-4-(4’-hydroxyphenyl)-thiazole - 
2-Amino-4-(4’-methoxypheny]l)-thiazole 
2-Amino-4-(2’ : 4’-dihydroxypheny])-thiazole 
2-Amino-4-(3’ : 4’-dihydroxyphenyl)-thiazole 
Benzthiazole | 

2-Phenylbenzthiazole -- 
2-(4’-Aminobenzenesulphonamido)-thiazole _ 


(sulphathiazole) 


1: 1000 198 

1: 1000 175 

++ 1: 2000 | 172 
1: 2000 | 199 

| 1: 1000 185 
insol|uble 184 

1: 1000 167 

1: 1000 169 

++ 1: 2000 173 
1: 2000 177 

1: 2000 52 











ring compounds, notably thiazoles and pyridines, 
as potential antibiotics. It seemed worth while 
therefore to see whether derivatives of these com- 
pounds might hold out any promise of useful 
anthelminthic activity. Among the thiazoles, 
2-aminothiazole provided a convenient starting 
point. 

This compound was inactive, but appreciable 
activity appeared with the introduction of a phenyl 
radical to form 2-amino—4—phenylthiazole (Table 
XIX). Hydroxylation of the benzene ring, whether 
at position 2 or 4 only served to inactivate the 
products, while alkyloxylation rendered them in- 
soluble. Sulphathiazole was quite inactive. 

Further tests were made with two benzthiazoles, 
in which the component rings are fused. Contrary 
to our experience with lactones and phenols, ring 
fusion in the present series had little effect, while 
the introduction of a second phenyl radical at 
position 2 of the thiazole ring yielded an inert 
product. Little prospect of useful potency was 
found among these substances, therefore, and we 
went on to study a series of pyridine derivatives. 


5. Pyridines 

Pyridine itself already showed an activity of the 
same order as that of thymol and /—naphthol. 
A number of substituted products (Table XX) 
showed no greater activity, with the exception of 
2-aminopyridine. A ketonic derivative, 1—methyl- 
2-pyridone, was inert. Nikethamide, a synthetic 
derivative of pyridine, was inactive, while areco- 
line, the active principle of the betel nut, proved 
to be relatively feeble. With the introduction of 
a second ring to form 4-benzylpyridine there was 
a sharp rise in activity ; sulphapyridine, however, 
was inert. 

In order to explore further the effects of a 
second ring, a series of dipyridyls was examined, 
and here was found the highest order of activity 
encountered in the course of the work (Table 
XXI). 2-2’—-Dipyridyl showed activity comparable 
with that of santonin and was far more active 
than any other of the four dipyridyls prepared. 
This high potency appears to be specifically 
associated with the 2—2’—linkage, for there was a 
profound fall of potency when this was shifted 














TABLE XX 
«4: +++ 1: 2000 
Pyridine 4 1: 5000 143 
di +++ 1 : 2000 
2-Methylpyridine (+4) ! ; 5000 | 144 
2-Chloropyridine id : 1: 2000 | 142 
1-Methyl-2-pyridone —~ 1: 1000 138 
+++ 1: 2000 
2-Aminopyridine +++ 1: 5000 139 
-- 1: 10,000 
4-Benzylpyridine { . ; - | : 10,000 | 153 
2-(4’-Aminobenzenesulphonamido)-pyridine - 1: 1000 | 59 
(sulphapyridine) 
Arecoline (1-methyl-A*-tetrahydropyridine-3-carboxylic 
methyl ester) ++ | 1: 1000 58 
Nikethamide (pyridine-3-carboxylic diethylamide) | 1: 1000 57 
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TABLE XXI 





2-2’-Dipyridy] 
2-3’-Dipyridy] 
3-4’-Dipyridy] 
4-4’-Dipyridyl 
2-Methyl-4-4’-dipyridyl | — 
4-Pyridylpyridinium chloride | — 
2-2’-2’-Tripyridy] 
2-2’-2”-2”’-Tetrapyridyl 


ety | 1: 50,000 | 137 

+ + | 1: 100,000 | 

| + 1: 1000 158 

+ 1: 1000 152 

+ 1: 1000 147 
1: 1000 | 154 
1: 1000 | 151 

ies | 1: 50,000 | 145 

+ | 1: 100,000 | 

| insoluble 155 





to the 2-3’position. 2-2’-2”-Tripyridyl was 
rather less active than the dipyridyl at the same 
concentrations, but the difference is probably 
attributable to its higher molecular weight. The 
corresponding tetrapyridyl was insoluble. 
Following up the clue afforded by 2—2’—dipyridy| 
a number of other compounds were prepared con- 
taining pairs of nitrogen atoms linked to adjacent 
carbon atoms, but no activity was discovered here 
until we came to the phenanthrolines (Table XXII). 
Of these, 4:5-phenanthroline showed activity 
equal to that of 2—2’-dipyridyl, the other two being 
feebly active or inert. We are led, therefore, to 
the conclusion that a particularly high order of 
anthelminthic potency is associated, perhaps very 


ail 


which is common to the two most active com- 
pounds. 


It seems possible that, by suitable chemical 
manipulation, 2-2’-dipyridyl and 4: 5—phenan- 
throline might be made the basis of new and 
valuable anthelminthics. Harwood (1934) has 
pointed out that the most useful anthelminthic 
drugs for the treatment of intestinal infestations 
have melting points below about 80°C. and are 
only sparingly soluble (1: 1,000 or less) in water. 
Probably, therefore, these new substances them- 
selves are too soluble to be of much value in the 
removal of intestinal nematodes but, if their 
toxicity is not excessive, they might conceivably 
prove useful in infestations of the blood and 
lymphatic systems .without further modification. 











ERE, Se NONE euens Kx N= Conceivably, it might be possible to produce 
TABLE XXII 
Ethylene diamine hydrate 1: 1000 163 
1 : 2-Diaminobenzene (o-phenylene diamine) | 1: 1000 165 
2: 5-Dimethylpyrazine 1: 1000 157 
2: 5-Disodium pyrazine dicarboxylate | 1: 1000 150 
Benzpyrazine (quinoxaline) 
ae 
ae, 
— _ 1: 1000 148 
N N 
XS $Y 
CH-CH 
4: 5-Phenanthroline CH=CH | . 
P ee | 
4 \ ‘4 S ++ 1: 100,000 146 
== N’ N==>= 
1: 5-Phenanthroline CH=CH 
> + 1: 1000 156 
J = ™, 
I cae, SU 
1: 8-Phenanthroline CH=CH 
“a — a— Ny ~ 1: 1000 149 
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sparingly soluble derivatives that would be of value 
in intestinal infestations. 


6. Miscellaneous antibiotics 

In addition to the groups of substances already 
mentioned, a considerable number of miscel- 
laneous antibiotics were tested in the course of 
the experiments. These included a number of 
well-known and important substances, but none 
proved to show any anthelminthic activity what- 
ever (Table XXIII). These negative results help 


TABLE XXIII 





Acetarsone 1: 500 54 
Alepol 1: 1000 159 
Atebrin 1: 1000 140 
Bayer 205 1: 2000 71 
Clavatin 1: 5000 232 
2: 7-Diaminoacridine 1: 2000 67 
Hydnocarpus oil 1: 1000 161 
Neosalvarsan 1: 2000 55 
Penicillin 480 O.U. 66 


Sulphaguanidine 1 
Sulphamethazine 1 
Sulphanilamide ¥ 
Sulphasuxidine 1: 1000 254 
Sulphathiazole $2 
Tartar emetic | 

] 


Tyrothricin ca.1:1000 270 





to emphasize the necessity, already stressed in this 
paper, of choosing as test material a tissue pre- 
paration that properly represents the organism it 
is desired to attack. The biological activity of 
antibiotics seems in general to be specifically 
limited to particular organisms or groups of closely 
related organisms. Among parasitic helminths 
this same specificity is well known: santonin, 
which acts upon nematodes, is devoid of activity 
upon tape-worms, for example, while pelletierine 
acts upon tape- but not upon round-worms and so 
on. At the same time, however, agents are avail- 
able that attack both types; these include 
numerous phenols, but these agents are bactericidal 
as well and are indeed, members of the category 
of “ general protoplasmic poisons.” 


SUMMARY 


1. This paper reports the results of tests carried 
out in vitro on over 200 chemical compounds for 
the detection of anthelminthic potency. The 
technique employed has certain limitations which 
are enumerated and discussed in the text. 

2. Significant activity is found among aliphatic- 
aromatic and aromatic-aromatic ketones, but in 
spite of numerous structural modifications and 


manipulations nothing approaching the activity 
of santonin has been discovered in this group. 

3. Among lactones considerable activity was 
observed, but here again the activity of santonin 
far exceeds that of any other lactone tested in these 
experiments. These facts appear to support the 
suggestion that the efficacy of santonin is due in 
part to its ketonic and in part to its lactonic 
structure, but that its outstanding anthelminthic 
power is due to the simultaneous presence of both 
and to the unique manner in which they are com- 
bined together, rather than to either alone. 

4. Among the lactones, phenols, and pyridines 
tested it was observed that anthelminthic activity 
increased with the addition of a second (usually 
a benzene) ring to the parent molecule, and that 
activity was greater when the two rings were inde- 
pendent than when they were fused. In the group 
of thiazoles, however, there was. little to choose 
between the two types of structure. 

5. Although numerous derived phenols were 
examined, none was found. to compare with the 
carbamates ; some of the latter were even more 
active than the parent phenols. The value of 
phenolic carbamates, already well known, has been 
confirmed, and an unusually high order of potency 
has been demonstrated in 2-hydroxydiphenyl 
carbamate. Several groups of derived phenolic 
ureas and amides were inert. 

6. Among the thiazoles examined none showed 
much promise of useful potency, but among the 
pyridines an outstanding order of activity was 
revealed in 4—benzylpyridine and, more especially, 
in 2—2’-dipyridyl and in 4: 5—phenanthroline. The 


uf N linkage in the last two compounds and 


in the corresponding tripyridyl possesses properties 
which, so far as the experiments have gone, seem 
to be unique and to offer considerable possi- 
bilities as a new starting point in the search for 
new and highly efficacious anthelminthics. 

7. No activity was discovered among an assort- 
ment of microbial antibiotics. In particular, there 
is at present no reason to think that penicillin or 
the sulphonamides. can yield new anthelminthic 
agents of any practical value. 

8. The results reported here are at variance with 
those of earlier investigators in almost every 
respect, especially in the lactone field. This is 
attributed to the use by our predecessors of unsuit- 
able methods of in vitro testing. The importance 
of using experimental material of nematode origin 
as the basis of methods of this kind is strongly 
emphasized and its necessity is, we believe, con- 
firmed by the general outcome of this investigation. 
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9. The possibility that some of the substances 
tested may act otherwise than on the neuro- 
muscular systems of the nematode has not been 
excluded. 


The author wishes to record his deep and sincere 
thanks to Prof. E. Friedmann, whose chemical skill 
and co-operation made this work possible: his 
suggestions, criticisms and encouragement went far 
towards aiding the completion of the experiments 
described here. Thanks are due also to Miss L. A. 
Norris, Miss M. Cotton, and Miss V. Moyle, all of 
whom gave invaluable assistance at various stages 
of the investigation. To the Agricultural Research 
Council, who provided financial support for the work, 
and numerous friends who kindly presented samples 
of a variety of drugs, thanks are also offered. Finally, 
grateful recognition is made of the unfailing courtesy 
and kindness of the manager of the St. Edmundsbury 
Co-operative Bacon Factory, who arranged the regu- 
lar supply of living nematode material at all times of 
the year, often under very difficult conditions. 
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ACETYLCHOLINE ANTAGONISTS: A COMPARISON OF 
THEIR ACTION IN DIFFERENT TISSUES 


F. J. DE ELIO 
From the Department of Pharmacology, Oxford 


(Received July 21, 1947) 


The work of Dawes (1946) on quinidine substi- 
tutes brought out points of resemblance which 
these substances possess apart from their action 
in cardiac tissue. Quinidine substitutes were found 
to include some local anaesthetics, some analgesic 
substances and some _ spasmolytic substances. 
Dawes pointed out that the local anaesthetic pro- 
caine possessed as much as 80 per cent of the 
action of quinidine on the refractory period of 
the isolated auricle, and that in addition it acted 
like atropine in diminishing the effect of acetyl- 
choline on the isolated intestine. He also showed 
that procaine diminished the action of acetyl- 
choline on the rate and force of the heart beat. 
The analgesic pethidine was found to have 83 per 
cent of the action of quinidine on the auricles, 
while the spasmolytics papaverine, syntropan and 
trasentin-6H had 50, 130 and 63 per cent respec- 
tively of this action. 

I have therefore taken a group of seven sub- 
stances, four of which are local anaesthetics: 
procaine, cocaine, amethocaine and nupercaine, the 
others being quinidine, trasentin-6H and atropine, 
and have compared them for their activity as local 
anaesthetics, for their action in modifying the 
stimulant action of acetylcholine (a) on the frog 
rectus and (b) on rabbit intestine, for their action 
in modifying the depression which acetylcholine 
produces in the rate and force of the heart beat, 
and finally for their power to modify the con- 
strictor action of acetylcholine in the blood vessels 
of the rabbit’s ear. The purpose of the comparison 
was to see whether they all possessed the same 
action towards acetylcholine and how closely the 
relative potency of these substances in one respect 
resembled the relative potency in another. 


Local anaesthetic potency 

The local anaesthetic potency of each substance 
has been tested, using the method described by 
Biilbring and Wajda (1945) of intracutaneous 
injection in guinea-pigs. 


The relative local anaesthetic potency of these 
substances (taking 1 as the value of procaine) is 
shown in Table I. 

TABLE I 
LOCAL ANAESTHETIC ACTIVITY 





Concentration producing 





Substance the same effect | Potency 
g./100 ml. 
Procaine oe 0.46 1.0 
Cocaine aul 0.062 7.4 
Amethocaine 0.060 | 8.0 
Nupercaine aia 0.047 10.0 
Quinidine a4 0.30 1.5 
Trasentin-6H .. 0.46 | 1.0 
Atropine we 0.92 0.5 





There is nothing surprising in the values obtained 
for cocaine, amethocaine and nupercaine. Quini- 
dine might be expected, like quinine, to have a 
local anaesthetic action, but not be so strong as to 
exceed procaine in potency, as it does. It is 
surprising that trasentin-6H is equal to procaine, 
and that atropine has as much as 50 per cent of 
the action of procaine ; both are stronger loca! 
anaesthetics than was expected. 


A comparison of these substances in modifying the 
stimulant action of acetylcholine on the frog 
rectus 

The isolated frog rectus muscle was suspended 
in a bath containing 7 ml. of frog-Ringer solution. 

The fluid was replaced by Ringer solution con- 

taining 107 acetylcholine every 5 min. and the 

stimulant effect of this substance on the muscle 
was recorded for 90 sec. ; after washing out with 
normal Ringer the muscle relaxed to its previous 
extent. The response to this concentration of 
acetylcholine was observed at least three times at 
the beginning of each experiment and found to be 
the same. Then, 90 sec. before the next addition 
of acetylcholine, the fluid was changed to one 
containing a solution of the substance to be tested : 
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its own effect upon the muscle was recorded for 
90 sec. ; the action of this substance in modifying 
the stimulant action of acetylcholine was then 
determined. It was found that all seven com- 
pounds diminished the action of acetylcholine in 
a suitable concentration. In Fig. 1 (a) is shown 
the action of amethocaine added to the bath in a 








FiG. 1.—Frog’s rectus muscle preparation. 


(a) A, stimulant effect of acetylcholine added to the 
bath in a concentration of 5 x 10 *. B, the effect 
when the acetylcholine added to the bath was in a 
concentration of 10-7. At the arrow, amethocaine 
in a concentration of 0.5 x 10 * was added to the 
bath. The record shows that the acetylcholine effect 
was greatly diminished. 


(b) A, stimulant effect of acetylcholine added to the 
bath in a concentration of 107%. At the arrow 
trasentin-6H was added in a concentration of 10’. 


The acetylcholine effect was increased. 


~~ 


concentration of 0.5 x 10%. The record shows 
that the acetylcholine effect was greatly diminished 
for more than 20 min. When atropine and 
trasentin-6H were studied, an additional effect was 
observed, namely, that in a low concentration 
both these substances increased the action of 
acetylcholine. This is shown in Fig. 1 (5) for 
trasentin-6H in a concentration of 10-*. Depres- 
sion of the acetylcholine effect was obtained with 


trasentin-6H at 10-°. The corresponding figures 
for atropine were, for augmentation 10-* and for 
depression 6.6 x 10-°. The results of comparing 
the different substances on the same preparation 
are given in Table II, which shows that the potency 
of the local anaesthetics on the rectus in relation 
to one another is in the same order as their local 
anaesthetic potency. Quinidine and atropine are 
also of similar relative potency to procaine, but 
trasentin-6H is much more potent on the frog 
rectus than as a local anaesthetic. 


A comparison of these substances in modifying the 
stimulant action of acetylcholine on the rabbit 
intestine 

The isolated rabbit’s duodenum suspended in 
oxygenated Ringer at 34°C. was used. The spon- 
taneous movements were recorded. To the bath 
of 75 ml. Ringer usually 4-10 yg. acetylcholine was 
added. The effect was observed several times 
in the same piece of intestine. When regular 
responses to the action of the same concentration 
of acetylcholine were obtained, the substance to be 
studied was added to the bath about 1.5 min. 
before the addition of acetylcholine ; the action of 
the substance on the intestine and its effect on 
the response to acetylcholine were recorded. All 
seven substances diminished the stimulant action 
of acetylcholine on the rabbit intestine ; there was - 
no evidence of any increase of the stimulant action 
of acetylcholine when different concentrations of 

these substances were used. As shown in Table II 

it was found that cocaine and amethocaine had 

the same activity as procaine ; nupercaine was 4 

times, quinidine 6 times, trasentin-6H 1,500 times 

and atropine 3,000 times as active as procaine. 

Fig. 2 shows a comparison of the inhibitory effect 

of quinidine and atropine on the response of the 

intestine to acetylcholine. 


A comparison of these substances in modifying the 
depression which acetylcholine produces in thé 
rate and force of the heart beat 

The isolated rabbit auricles were suspended in 
oxygenated Ringer at 29°C. and the spontaneous 
beat was recorded. Every 10 min. 0.4 ml. of an 

acetylcholine solution, containing 100 yg. per ml., 

was added to the 75 ml. Ringer; its depressing 

effect on the rate and force of the auricular beat 
was recorded. After the effect had been obtained 
the fluid in the bath was changed to allow the 
auricles to recover. It was found that while 
procaine, quinidine, trasentin-6H and atropine 
diminished the depression produced by the acetyl- 
choline (Fig. 3a), cocaine had no effect (being 
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TABLE II 
RELATIVE POTENCY IN TERMS OF PROCAINE 
Inhibitory eftect on the action of the acetylcholir.e 
Substance | Frog rectus _ me Intestine | Auricle Rabbit ear 
| Concentration | Potency | Concentration | Potency | Concentration | Potency — {ued 
Procaine.. .. | ot =| 10 |) 2x 105 1.0 5x 10° 10 | 100 | 10 
Cocaine .. .| 3.3x« 105 3.0 2x 105 1.0 5x 10% nil 40 | 2.5 
| 1 x 10 
Amethocaine 1.1 x 105 9.0 2x 105 1.0 5x 10* | opposite} 100 | 1.0 
effect 
Nupercaine 9x 10° 11.0 5 x 10° 4.0 5x 10° —— 100 1.0 
effect 
Quinidine 5 10 5 2.0 33x Ww 6.0 5x 105 0.1 400 | 0.4 
Trasentin-6H 10°° 10.0 1.33 x i¢° 1,500.0 1.25 x 10°? 40.0 10 10.0 
Atropine 6.6 x 10° 1.5 6.7 x 10° | 3,000.0 | 1.25 10% | 400.0 2 | 50.0 

















tested in amounts from 0.5 mg. to 8 mg. in the 
bath of 75 ml.). Nupercaine and amethocaine 
(0.5 mg. each) actually increased the action of 
acetylcholine (Fig. 3b); smaller amounts (from 
20 to 200 ug.) had no effect and larger amounts 
(2 mg.) arrested the spontaneous beating of the 
auricles. To, obtain the same effect with quini- 
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Fic. 2.—Isolated rabbit’s duodenum. The record shows 
a comparison of the inhibitory effect of quinidine 
and atropine on the response of the intestine to 
acetylcholine. At the small arrows 10 yg. acetyl- 
choline was added to the bath. The bath was washed 
out at each interruption of the record. At the first 
large arrow, 0.5 mg. quinidine sulphate was added 
to the bath; at the second, 0.25 mg. quinidine 
sulphate. At the third 0.5 ug. atropine sulphate and 
at the fourth 1.0 yg. atropine sulphate. 


dine as with procaine it was necessary to use a 
quinidine solution 10 times stronger, while the 
same effect was obtained with a trasentin-6H 
solution 40 times weaker, and with an atropine 
solution 400 times weaker, than procaine. These 
results are shown in Table II. 


The effect of these substances on the constrictor 


action of acetylcholine in the blood vessels 
of the rabbit's ear 


The carotid arteries of a rabbit under urethane 


anaesthesia were dissected and all 


their side 





Fic. 3.—Isolated rabbit’s auricles. 


(a) 


(b) 


Shows that the depression produced by 40 xg. 
acetylcholine (added to the bath at the small arrow) 
is greatly diminished after the addition of 10 yg. 
trasentin-6H. The bath was washed out 0.5 min. 
after each addition of acetylcholine. 

When 0.8 mg. amethocaine was added to the bath 
the depression produced by the acetylcholine was 
increased. 
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branches except the posterior auricular artery tied 
and severed as in the method of Gaddum and 
Kwiatkowski (1938). The jugular veins were then 
exposed and the anterior facial and posterior man- 
dibular branches tied, leaving only the branch 
which drains the ear. Cannulae were inserted into 
both carotid arteries, the jugular veins were tied 
and incisions made in the veins proximal to these 
ligatures. The perfusion was then started. The 
animal was killed and the body detached from the 
head. Glass cannulae were introduced into the 
jugular veins. The outflow was determined by the 
Gaddum drop timer. The injections were made 
through a rubber cap covering the T-tube con- 
nected with the cannulae leading to the carotid 
artery. The volume of the injections was 0.2 ml. 
The constrictor effect of 100-200 yg. acetylcholine 
on the vessels was recorded on a smoked drum. 
It was found that these substances abolished the 
constrictor effect of acetylcholine. As shown in 
Table II, procaine, amethocaine and nupercaine 
had the same activity ; quinidine was weaker ; 
cocaine, trasentin-6H and atropine were stronger 
than procaine. These comparisons were made in 
six different preparations. Fig. 4 shows an example 
of this inhibitory effect when cocaine (100 yg.) 
was used. 





Fic. 4.—Rabbit’s ear perfusion. Outflow recorded by 
Gaddum’s drop-timer. The record shows the con- 
strictor effect of 200 yg. acetylcholine on the vessels 
(injected at each small arrow); the injection of 
100 wg. cocaine (at the longer arrow) abolished the 
constrictor effect of the acetylcholine. 


DISCUSSION 


The suggestion which initiated this work was 
that different agents, local anaesthetics, spasmo- 
lytics and quinidine all act fundamentally as 
antagonists, direct or indirect, of acetylcholine. It 
may be wondered why a local anaesthetic should 
be thought to have this effect. Harvey, Lilienthal, 
and Talbot (1941), however, record that when 
acetylcholine is injected intra-arterially it causes 
very severe pain, and Gray (1947) has shown that 
the injection of acetylcholine into an artery leading 
to a detached portion of the skin of the cat sets 


up an electrical disturbance in the nerve leaving 
the skin very similar to that produced by mechani- 
cal pressure on the skin. Further investigation 
may therefore indicate that a local anaesthetic is 
essentially a substance which opposes the action 
of acetylcholine at sensory nerve endings. No 
view is put forward concerning the mechanism of 
the antagonism; we do not know how, for 
example, procaine diminishes the stimulant action 
of acetylcholine on the frog rectus; it may be 
that procaine blocks the receptors to which acety]l- 
choline must attach itself to produce stimulation ; 
there are many other possibilities of which we are 
ignorant, and even the conception that the recep- 
tors are blocked is little more than a restatement 
of the observation made. 

On the whole the investigation has shown that 
the different substances examined do possess an 
antagonistic action on all tissues affected by acetyl- 
choline, whether skeletal muscle like the frog 
rectus, cardiac muscle like the rabbit auricle, or 
unstriated muscle like that of the intestine or of 
the blood vessels. This, however, does not in itself 
support the hypothesis mentioned above that local 
anaesthetics, spasmolytics and quinidine all act 
fundamentally as antagonists of acetylcholine, since 
it is probable that all these substances, in some 
concentration, would also antagonize histamine. 
Histamine is, however, not known to cause pain 
on intra-arterial injection, or contraction of 
skeletal muscle, or to have an action comparable 
with that of acetylcholine on cardiac muscle. 
Hence some significance can be attached to the 
antagonism of acetylcholine, though there would 
be much more in a demonstration that the relative 
potency of these substances in reducing the effect 
of a natural stimulus was the same as the relative 
potency in reducing the effect of acetylcholine in 
that tissue. 

In different tissues the relative potencies of these 
substances are very different except that there is a 
similarity between local anaesthetic action and 
acetylcholine antagonism on the frog rectus. 
Atropine is 3,000 times more potent than procaine 
on the intestine, but only 50 times on the blood 
vessels. It is scarcely surprising that these quanti- 
tative differences are so great, for they explain 
the ordinary view that local anaesthetics, spasmo- 
lytics and quinidine-like compounds are unrelated 
in action, and have no common properties. If 
the relative potency of the different substances had 
been even approximately the same on the tissues 
examined, this would have been discovered long 
ago. The difference, however, does not disprove 
the hypothesis. It is known already that atropine 
and nicotine vary in their relative anti-acetyl- 
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choline action in skeletal and in plain muscle. 

It is difficult to understand the behaviour of 
amethocaine and nupercaine on the rabbit auricle. 
In all the concentrations tested they increased 
the action of acetylcholine and did not depress it ; 
cocaine, moreover, was without action, neither 
depressing nor augmenting. Nupercaine and 
cocaine are known to modify the action of the 
isolated heart of the cat, and also to augment the 
action of adrenaline on the isolated heart (Tripod, 
1940), whereas procaine has no such effect. It 
is possible that the action of cocaine, amethocaine, 
and nupercaine in relation to acetylcholine is 
masked by another effect ; the behaviour of these 
three substances on the auricle may not therefore 
disprove the rule. 


SUMMARY 


1. An examination has been made of the local 
anaesthetics procaine, cocaine, amethocaine, and 
nupercaine, the spasmolytics trasentin-6H and 
atropine, and of quinidine. 

2. These substances have been compared for 
their local anaesthetic action, and for their power 
to depress the action of acetylcholine on skeletal 
muscle (frog rectus), cardiac muscle (rabbit 
auricle), and unstriated muscle (rabbit intestine 
and blood vessels). 


3. The local anaesthetic action of atropine is as 
much as half that of procaine, while that of 
trasentin-6H is equivalent to that of procaine. 


4. All these substances depress the action of 
acetylcholine on the frog rectus, the rabbit intes- 
tine and the rabbit blood vessels. The relative 
potencies of the four local anaesthetics on the 
frog rectus are very similar to their relative local 
anaesthetic potencies. 


5. Procaine, trasentin-6H, quinidine, and atro- 
pine depress the action of acetylcholine on the 
heart. Cocaine is without action, and ametho- 
caine and nupercaine augment the action of 
acetylcholine in this tissue. 


I wish to thank Prof. J. H. Burn for his guidance 
and supervision throughout this work. 


This work was done during the tenure of a personal 
grant from the Spanish Council for Scientific Research. 
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THE ANTICURARE ACTIVITY OF ESERINE ON THE 
SUPERIOR CERVICAL GANGLION OF THE CAT 


BY 


T. C: CHOU AND F. J. DE ELIO 
From the Department of Pharmacology, Oxford 


(Received August 13, 1947) 


Eserine and prostigmine augment the contrac- 
tions of skeletal muscle produced by stimulation of 
the motor nerve. This observation is one which 
supports the view that acetylcholine plays a part in 
neuromuscular transmission as both substances are 
inhibitors of cholinesterase. They are, in addition, 
powerful antagonists to curare on skeletal muscle. 

The transmission in sympathetic ganglia is also 
believed to be effected by acetylcholine, but in the 
perfused cervical ganglion it is difficult to observe 
any potentiation of the effects of preganglionic 
stimulation by eserine or prostigmine. In con- 
centrations from 10° to 10°* eserine causes 
a depression of ganglionic transmission, though 
Feldberg and Vartiainen (1934) found that a weak 
eserine solution (10-*) could be shown to 
potentiate the response to submaximal and in- 
frequent stimulation as well as that to injection of 
small doses of acetylcholine. 

We have now used another method to examine 
the action of eserine on the ganglion, which is to 
see if the depression of ganglionic transmission by 
tubocurarine is relieved by eserine. 


METHOD 

Cats were anaesthetized with pentobarbitone and 
the superior cervical ganglion was prepared by 
Kibjakow’s method (1933) as modified by Feldberg 
and Gaddum (1934). Warm, oxygenated Locke solu- 
tion was perfused through a cannula in the carotid 
artery at a pressure around 120 mm. of mercury and 
the venous outflow from the ganglion was collected. 
The preganglionic fibres were stimulated with maxi- 
mal stimuli at a rate of 8 per second for periods of 
15 sec. at 3 min. intervals. In some experiments the 
stimulation was continuous so that the contraction of 
the nictitating membrane was recorded as an uninter- 
rupted plateau. All contractions of the nictitating 
membrane were recorded with an isotonic lever. 
Curare was given as d-tubocurarine chloride. Eserine 
and prostigmine were given as sulphate and methyl- 
sulphate respectively. 


RESULTS 
The effect of eserine was observed in five 
experiments. After recording at least three 


maximal contractions of the nictitating membrane, 
tubocurarine was perfused at a concentration of 
1-4 yg./c.c. Gradually the contractions declined 
and if no antagonist was injected the response 
became progressively smaller. When the contrac- 
tion was diminished by 30-40 per cent the 
antagonist was injected. It was found that eserine 
in doses of 0.1—-0.4 yg. caused an increase of 
contractions, while doses of 1-5 yg. had no effect 
or possibly caused a further depression. An 
illustration of the action of eserine on the 
curarized ganglion is given in Fig. 1. Two 
contractions of the nictitating membrane in 
response to maximal stimulation are shown in (a). 
After 21 min. perfusion with 4 yg. tubocurarine 
chloride per c.c., the contractions diminished to 
about half the size (b). Now 0.2 yg. eserine was 
injected 1 min. before each stimulation and (c) 
shows the contractions after the 9th and 10th dose 
of eserine. The effect of tubocurarine was not 
entirely abolished but the contractions recovered 
to 86 per cent of their original size. When the 
perfusion with tubocurarine was continued with- 
out adding any further eserine, the contractions 
declined once more to 57 per cent of their original 
height (d). Finaliy, when Locke solution 
containing no tubocurarine was perfused, the 
contractions recovered once more to 86 per cent 
of their initial size (e). From this experiment 
it can be seen that the eserine effect is only 
maintained by repeated injections of 0.2 ng. This 
was confirmed in other experiments. The eserine 
was injected regularly 1 min. before s‘imulating 
the preganglionic nerve. 

It has not been possible to demonstrate any 
anticurarine action of prostigmine on the perfused 
ganglion. Repeated doses of 0.05 yg., 0.4 ug., 
2.0 ng., and 20 pg. were tried in four experiments, 
but the contractions of the nictitating membrane 
declined progressively in spite of the addition of 
prostigmine. 

The effect of tubocurarine given by single 
injections of 5 ng. to 10 ug. or by perfusion of a 
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Fic. 1.—Ganglion perfusion. The numbers above each section are the serial numbers of the 


contractions of the nictitating membrane. 


(a) Two contractions in response to maximal stimulation. 
(b) After 21 min. perfusion with 4 ug. tubocurarine chloride per c.c. the contractions diminished 


to about 50 per cent. 


(c) Shows the contractions after the 9th and 10th dose of 0.2 ug. eserine injected 1 min. before 
each stimulation; the effect of tubocurarine was not entirely abolished but the contractions 


recovered to 86 per cent of their original size. 


(d) The perfusion with tubncurarine was continued without adding any further eserine and the 
contractions declined once more to 57 per cent of their original height. 
(ce) When Locke solution containing no tubocurarine was perfused the contractions recovered once 


more to 86 per cent of their initial size. 


solution containing 4 pg. per c.c. was also 
observed during a sustained contraction of the 
nictitating membrane produced by continuous pre- 
ganglionic stimulation. When the tubocurarine had 
reduced the height of the plateau to about 50 per 
cent of its original height, eserine or prostigmine 
was injected ; but neither eserine nor prostigmine 
had any antagonistic action under these conditions. 


The effect of eserine methiodide was observed in 
one experiment. After recording three maximal 
contractions of the nictitating membrane, tubo- 
curarine was perfused at a concentration of 2 yg. 
per c.c. Gradually the contractions declined and 
the responses became progressively smaller. When 
the contraction was diminished to 32 per cent, 
eserine methiodide was injected 1 min. before 
each stimulation. It was found that doses of 
0.2 ug. and 1.0 pg. had no effect, while doses of 
5.0 pg. caused an increase of contractions which 
recovered to 51 per cent of their original size after 
the fourth dose of 5.0 yg. of eserine methiodide. 
When the perfusion with tubocurarine was con- 
tinued without adding any ffurther’ eserine 
methiodide the contractions declined once more 
to 27 per cent of their original height ; after this 
injections of 25 ug. of eserine methiodide 1 min. 
before stimulation had no effect. Finally, 
when Locke solution containing no curarine was 
perfused, the contractions recovered once more to 
67 per cent of their initial size. From this experi- 
ment it can be seen that the anticurare effect of 
eserine methiodide is only maintained by repeated 
injections of 5.0 ug. 


DISCUSSION 


According to Schweitzer, Stedman, and Wright 
(1939) the difference between the action of eserine 
and prostigmine on the spinal reflexes is due to 
the difference in the chemical structure of the basic 
nitrogen radicle rather than to their difference in 
anticholinesterase activity. They found that 
eserine caused an excitatory action of the spinal 
cord whereas prostigmine caused an inhibition. 
Eserine methiodide, a quaternary derivative of 
eserine, also produced an inhibition. They 
explained the difference between the effect of these 
substances by their different relative solubility in 
water and in lipoid. It is well known that a 
quaternary ammonium salt such as prostigmine 
produces a cation which is soluble only in water. 
On the other hand, the salt of a tertiary ammonium 
base, such as eserine, on hydrolytic dissociation 
produces a free base in addition to the cation, and 
this free base will be soluble in lipoid. We found 
that eserine, if administered in small doses and by 
repeated injections, had anticurarine activity, 
while prostigmine -thad no such action. By 
changing the tertiary ammonium salt, eserine, into 
the quaternary salt, eserine methiodide, its anti- 
curarine activity became 25 times less than that 
of eserine itself. Since the spinal reflex involves 
a synaptic transmission not very different from 
that occurring in the ganglionic synapse, it is 
possible to. explain by this hypothesis the 
difference between eserine, eserine methiodide, 
and prostigmine which has been found in our 
experiments. The fact that eserine when given in 
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large doses or when given during continuous 
electrical stimulation, no longer has anticurare 
action, does not contradict the foregoing assump- 
tion. Under such conditions there is usually an 
excessive accumulation of acetylcholine, which, 
being a quaternary ammonium compound itself, 
is quite sufficient to cause depression of the 
ganglion cells. 

The picture may, however, not be so simple. 
Biilbring and Burn (1941) have found that eserine 
and prostigmine were equally depressant to the 
knee jerk, and both increased the flexor reflex. 
They believe that there is only a quantitative 
difference between the action of these two drugs 
on the reflexes, eserine being more potent than 
prostigmine. 

SUMMARY 


Eserine antagonizes the action of tubocurarine 
on transmission in the perfused superior cervical 
ganglion. 

Eserine methiodide has an anticurare action 
on transmission in the perfused superior cervical 


ganglion ; its relative potency to that of eserine is 
about 25 times weaker. 


No such antagonistic effect could be observed 
with prostigmine. 


We wish to thank Prof. J. H. Burn and Dr. E. 
Biilbring for their direction and encouragement. The 
authors are most grateful to Dr. H. R. Ing for pre- 
paring the eserine methiodide used in this investigation. 


The work described above has been done by one of 
us (T. C. Chou) during the tenure of a scholarship 
from the British Council, and by the other of us 
(F. J. de Elfo) during the tenure of a scholarship 
awarded by the Consejo Superior de Investigaciones 
Cientificas in Madrid. 
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THE EFFECT OF ENVIRONMENTAL TEMPERATURE 
ON THE TOXICITY OF BAL 


BY 


F. F. MCDONALD * 
From the Chemical Defence Experimental Station, Porton, Wilts. 


(Received July 21, 1947) 


Peters, Stocken, and Thompson (1945) have 
already described the steps leading to the manu- 
facture of BAL (2 : 3-dimercaptopropanol) the 
specification for which required that BAL should 
pass a toxicity test before being used for therapeutic 
purposes. 

Groups of rats used as standard controls in 
assaying samples of BAL have shown a wide varia- 
tion in response to intramuscular injections of 
140 mg. per kg. of Oxford Standard BAL—the 
LDS50 dose as found at Porton (Boyland and 
McDonald, 1943). Variations from 15 to 85 per 
cent mortalities occurred in different groups receiv- 
ing this dose in assays made over several months. 
Such a wide difference in response was greater than 
would be expected by chance and some other 
external factor was suspected of contributing to 
the toxic effects of BAL. 

The effects of toxic agents on rats are influenced 
by many factors (cp. Holck, 1942) among which 
the most notable is the room temperature at which 
the rats are kept during the experiment. 

Temperature being the greatest variant to which 
Porton rats were subjected, experiments were con- 
ducted to see if this affected the mortality of rats 
to a standard dose of BAL. 


PROCEDURE 

Rats weighing betweea 120-180 g. were starved, but 
given water, for 24 hours prior to injection of BAL and 
kept in thermostatically controlled chambers at various 
temperatures for the whole of the starving period and 
until 72 hours after injection. Oxford Standard BAL 
was diluted with propylene glycol to give a concentration 
of 140 mg./c.c. Using a micrometer syringe, | c.c./kg. 
was injected into the muscles of the thigh of each rat 
and the mortality rate observed for 72 hours after 
injection. Most of the deaths occurred within 24 hours 
and only an occasional rat died after that period. For 
approximately 20 minutes, the average time taken to 
weigh and inject a group, the rats were exposed to 
ordinary room temperature. 


RESULTS 


The results obtained over the period between 
August, 1944, and May, 1945, are given in Table I. 


. 


Percentage mortality 











TABLE I 
Mortality rate 
Date Temperature °F. - 
Actual Per cent 
29/8/44 39 10/10 100 
16/10/44 39 10/10 100 
19/10/44 42 8/10 =| ~— 80 
1/11/44 | 43 7/10 70 
1/5/45 45 12/20 60 
27/4/45 49 13/20 65 
1/5/45 | 50 9/20 45 
9/10/44 54 10/20 50 
2/10/44 | 55 8/20 40 
24/4/45 55 4/20 20 
19/9/44 60 5/20 25 
25/9/44 60 7/20 35 
17/4/45 60 9/20 45 
29/8/44 | 65 | 3/10 30 
31/8/44 65 7/20 | 35 
24/4/45 69 5/20 25 
27/4/45 70 - 8/20 40 
2/10/44 | 71 8/20 40 
25/9/44 75 10/20 | 50 
17/4/45 75 10/20 | 50 
31/8/44 80 14/20 70 
19/9/44 80 12/20 60 
1/5/45 | 80 15/20 75 
9/10/44 81 16/20 80 
29/8/44 84 9/10 90 
1/11/44 | 84 18/7200 =| 90 





Fig. 1 shows the same results plotted on probit scale 
with the best fitting curve, a parabola, symmetrical about 
the temperature 63° F. as calculated by Box (1945). This 
demonstrates quite a remarkable efiect of temperature 
on toxicity. In view of the fact that variations from the 
curve are no more than could be expected to occur by 
chance, there is no evidence that seasonal variation 
occurred over the period that observations were made, 
other than that due to temperature difference. Fig. 2 
shows the expected variation of the LDS50O for BAL at 
diferent temperatures, calculated from Box’s BAL 





* Present address : Department of Pharmacology, Manchester 
University. 
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that it is freshly distilled. We found, when 
using an old sample of propylene glycol in 
error, that we obtained much higher mortality 
rates than were expected in view of the 
previous results. However, when the sample 
was redistilled, the mortality rates were in 
keeping with the previous findings. These 
high results have therefore been discarded 
and our practice now is to distil off enough 
propylene glycol for an assay on the same 
day that the rats are injected. 


CONCLUSIONS 


The mortality rate of rats injected with 
BAL has been shown to be influenced by the 
temperature of their environment. The 
mortality was minimal at 63° F. (17.2° C.). 
+ Rats used for BAL assay should be kept at 
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Temp. °F. 
formula :— LDS50 152 
temp. in ° F. (Box, 1945). 


emperature-toxicity ~ 0.07 


t - 63)?, where ¢ 
Propylene Glycol 


When propylene glycol is used for diluting BAL 
prior to injection, care should be taken to ensure 


an even temperature or in a thermostatically 

controlled room if possible. No estimation of 

the relative toxicity of samples of BAL should 
be made without reference to the results obtained 
from a dose of a standard preparation given at the 
same time. 


If propylene glycol is used as a vehicle for injec- 
tion, it is preferable to distil off the required amount 
on the same day. 


I am indebted to the Chief Scientist, Ministry of 
Supply, for permission to publish this paper, to Miss 
Cynthia Moore for technical assistance, and to Mr. 
G. E. P. Box for evolving a formula from data in 


Table I. 
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THE TOXICOLOGY AND PHARMACOLOGY OF METHYL 
FLUOROACETATE (MFA) IN ANIMALS, WITH SOME 
NOTES ON EXPERIMENTAL THERAPY 


BY 


G. L FOSS* 


From the Chemical Defence Experimental Station, Porton 


(Received July 23, 1947) 


It has been known for about ten years that 
methyl fluoroacetate (MFA), CH,F.COOCH,, 
was a substance of great toxicity, with very 
interesting pharmacological properties. In 1942, 
Briscoe, and Feldberg, Kilby, and Kilby found that 
it caused death by convulsions and respiratory 
failure. Later in 1943, Kilby and Kilby studied 
it and allied substances further and concluded 
that the toxicity was due to the CH,F group. 

In this paper further work is described on its 
pharmacological and toxicological properties. 


MATERIAL AND METHODS 


The sample of MFA employed had b.p. 104°C. 
and sp.gr. 1.17. It was a clear, colourless liquid with 
a faint fruity smell ; it mixed readily with water, and 
in dilutions which were toxic, it was tasteless and 
quite odourless. 

Animals.—In addition to mice, rats, guinea-pigs and 
rabbits, the larger animals, cats, dogs, monkeys and 
goats were used for this investigation ; also a horse. 

Toxicity.—Experiments were conducted with each 
species and the drug was administered by mouth or 
by injection as freshly made solutions in distilled water 
or saline, or by inhalation. For the latter the sub- 
stance was vaporized rapidly by heat in a 10 cu.m. 
chamber. Chemical analyses showed that there was 
little variation in concentration. After administration 
the animals were observed carefully and records were 
made of their behaviour over the whole period until 
their death. 

As this substance had a convulsive action the effects 
of other known convulsants were compared in the 
most favourable species, and for purposes of record 
and study a colour film was made of a dog and two 
monkeys after MFA, and also of monkeys after nico- 
tine, strychnine, and metrazol. The effect of MFA 
on a spinal monkey was also filmed. 

Autopsies were made on animals directly after 
death. The effect of MFA on the blood chemistry 
was investigated in rabbits, dogs, and goats. Blood 
samples were collected under paraffin, and serum and 
plasma were separated shortly after. Samples of 
blood were taken into oxalate tubes for blood 


sugar, non-protein nitrogen, potassium, calcium, and 
inorganic phosphate. 

Haemoglobin was estimated by the Haldane carbon 
monoxide method, plasma proteins and non-protein 
nitrogen by micro-Kjeldahl digestion and nesslerisa- 
tion (Wong; cf. Peters and Van Slyke, 1932), 
potassium by the micro-cobaltinitrite method of 
Kramer and Tisdall (cf. Peters and Van Slyke, 1932), 
calcium by the method of Kramer and Tisdall (cf. 
Harrison, 1930), sugar by Hagedorn and Jensen’s 
method (Peters and Van Slyke, 1932), chloride by 
Sendroy’s method (1937), and inorganic phosphate by 
the method of Obermer and Milton (1932) adapted for 
use with a “ Spekker ” absorptiometer. 

Kymographic tracings of carotid blood pressure and 
respiration were obtained on cats anaesthetized with 
sodium barbitone, respiration being recorded by 
Gaddum’s technique (1941), which measures — the 
volume of air breathed in litres per minute. 

Observations of the clinical effects of MFA were 
made on both spinal and decerebrated cats, and on 
a monkey, and kymographic records were obtained of 
the knee-jerk in spinal, decerebrated and chloralosed 
cats by means of an electrically operated patellar 
hammer; in the spinal cat the action of MFA on 
the threshold stimulus of the flexor reflex (tibialis 
anticus) was also investigated (Sherrington and Liddell, 
1929). 

A series of rats were given electrical convulsions 
on two successive days, and the electrical convulsive 
threshold was again measured one hour after a sub- 
cutaneous injection of MFA. The apparatus used 
for human electric convulsive therapy was employed 
(Golla, Walter, and Flemming, 1940). 

Finally, various therapeutic measures were 
attempted, both before and after administration 
of MFA, and before and after onset of convulsions : 
dogs were mostly used for these experiments. 


RESULTS 
Toxicity by injection, by mouth, and by inhalation 


The approximate LD50 doses are summarized 
in Table I. It is fully realized that the figures 
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for guinea-pig, cat, dog, goat, and monkey are 
based on evidence from an inadequate number of 
animals and do not give an accurate assessment 
of the LD50 doses ; the data, however, are suffi- 


TABLE I 


TOXICITY OF MFA 












































| Oral i Subcutaneous 
Animal | Dose | | |Approx.|| | Approx. 
mg./kg.| Mor- | 9 | bso | Mor- | 9 | LDs50 
| tality mg./kg.|| tality | | mg./kg. 
Mouse 15 | | 9/10; 90 
10 | | 9/10) 90 
8 | | 10/10 100 
7 5/5 | 100 | | 
6 2/5 | 40| 6-7 |, 10/10; 100 5 
5 0/5 | 0} | 5/10) 50 
4 | | |, 0/10 0 
2 || 0/10 0 | 
1 | of10| 0 
Rat 6 | | | 10/10 | 100 
5 | 5/5 | 100] || 20/20 | 100 
4 | 5/5 } 109 3-4 || 20/20! 100 
3 | 15 | 20) | 10/10} 100, 2-3 
2 | O/5 | 0 2/10 20 
Guinea-| 5 1/1 100 1/1 | 100 
pig 3 1/1 | 100 | | 
2 } Il 100 1/1 | 100 
1 1/1 | 100 | | 2/2 | 100 
0.6 0/1 0 | 
0.5 | 0.4 || Wl | 100) 0.2 
0.4 1/1 | 100 | 
0.25 1/1 | 100 
0.1 0/2 0 
Rabbit | 10 2/2 100 2/2 100 
5 6/6 | 100 4/4 100 
4 | 2/2 | 100 | 
2 2/2 | 100 | 0.5 6/6 100 | . 
1 2/2 | 100 | 4/5 | 80 | 0.5-1.0 
0.5 1/2 | 650 1/4 | 25) 
0.2 | 0/1 0 
Cat 10 ; l/l 100 
] |} Lf} 100 
0.1 <0.3 1/1 100 0.3 
0.3 1/1 100 1/2 50 
Dog 1.0 1/1 | 100 
0.3 3/3 | 100 5/5 | 100 0.1 -0.2 
0.1 1/3 33 | 0.1-0.2;| 1/1 | 100 
0.05 | O/1 0 | 
0.02 0/1 0 
Goat 3.0 1/1 100 j; 2/2 100 
Y/1 100 <1.0 2/2 100 <1.0 
Monkey; 12 2/2 | 100 1/1 | 100 | 
10 1/2 | 50| 0/1 0 
3 | O/1 0 | 10-12 10-12 
1.5 0/2 0 





cient to indicate a marked species variation in 
toxicity without the more wholesale sacrifice of 
experimental animals which would have been 
involved in arriving at more accurate figures. 
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One horse was injected with 1.5 mg. MFA/kg., 
which proved fatal. 

The toxicity by inhalation was investigated 
more fully in the rat and the mouse than in other 
animals ; the LDS5O for rats was 450 mg./cu.m. 
for 5 min. and for mice above 1,000 mg./cu.m. 
for 5 min. ; 332 rats and 280 mice were used. 

Skin absorption is of little importance as no 
deaths occurred in a small series of guinea-pigs 
with doses up to 100 mg./kg. on the plucked skin 
of the abdomen. 


Pharmacological effects 


There is, some difference in detailed behaviour 
of the species examined, after poisoning with 
MFA, just as there is a difference in lethal dose, 
but for the sake of brevity these will be described 
in groups. 

(a) Mice, rats, and guinea-pigs.—After a lethal 
dose by injection there is a delay of about 15 
minutes to 2 hours before the onset of symptoms. 
The animals then become quiet and limp and at 
the same time rather apprehensive ; a stage of 
hyper-excitability follows, when the animals may 
jump a foot or more or rush wildly around their 
cage in circles ; tonic convulsions then occur with 
intervening periods of dyspnoea and flaccidity. 
Repeated fits are usual and the animal may die 
either during a fit or in the flaccid interval. 

(b) Rabbits ——These show a similar period of 
delay, followed by progressive muscular weakness 
with gasping infrequent respiration. Convulsions 
start suddenly and death soon occurs. 

(c) Cats.—After a lethal dose (1 mg./kg.) there 
is a period of about 100 minutes before the onset 
of symptoms, which are initiated by retching and 
vomiting, even after injection. The paretic stage 
follows with acceleration of respiration, incontin- 
ence, inco-ordination, and inability to move the 
limbs. Eye movements are normal, pupils equal 
but large and they react briskly to light. Pinna 
and conjunctival reflexes and knee jerks are 
brisk and there is some knee clonus. Convul- 
sions develop suddenly after about 150 minutes. 
These tonic fits occur at intervals of about 5 
minutes and finally death ensues in about 230 
minutes. The heart continues to beat feebly after 
respiration fails. 

(d)-Dogs.—The latent interval is only about 30 
minutes after 0.3 mg./kg. A quiet period is 
followed by hyper-excitability with loud barking 
and wild, inco-ordinate, impulsive activity, 
associated with incontinence of urine and faeces. 
Retching and vomiting may occur before this 
stage. The excitable stage suddenly merges into 
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one of convulsions. At first tonic and extensor, 
with dilated pupils and brisk reflexes, later the 
fits are clonic, with champing of the jaws and 
inco-ordinate arrhythmic running movements of 
all four limbs. After a brief respite with heavy 
panting, the whole pattern is repeated at intervals 
of 1-2 minutes until death occurs, once again 
from respiratory failure. 


(e) Goats and horses.—These animals show a 
latent period followed by weakness, collapse, 
tachypnoea, cold sweating in the horse, a marked 
fall in temperature, rapid pulse and death from 
respiratory failure. In neither animal were con- 
vulsions seen. 


(f) Monkeys.—The monkeys (Macacus Rhesus), 
though less susceptible, are most interesting. After 
a latent interval of about one hour, with a dose 
of 10 mg./kg. by mouth, they become quieter, 
not taking much notice of their surroundings. 
Retching and then vomiting, even after injection 
of the poison, are usual. In about an hour the 
pupils are dilated. After 70 minutes one such 
animal was sitting up with pallid face, its head 
turned looking over the right shoulder. It 
defaecated incontinently and after a few minutes 
its head was rotated again to the side and there 
were coarse jerky tremors of the head. These 
symptoms followed at intervals of a few minutes 
and conjugate deviation of the eyes was seen in 
conjunction with the head rotation. It appeared 
very dazed and suddenly fell over and started con- 
vulsions, which were tonic at first and then clonic. 
It looked strangely round and made no attempt 
to escape after this convulsion. A similar seizure 
was seen in a few minutes, initiated once again 
by head rotation and conjugate deviation of the 
eyes to the right side. An asymmetrical spread of 
the convulsion to the right side was followed by 
a generalized tonic fit, succeeded by clonic spasms. 
During the asymmetrical stage there was a one- 
sided risus sardonicus, slight head retraction, 
glabellar spasm and the knee jerks were accen- 
tuated. This spasm of the frontalis muscle was a 
prominent symptom accompanying the upward 
and outward eye deviation. The tonic stage 
usually lasted 30-40 sec. and the clonic 2-3 min. 
and these were succeeded by a relaxed phase 
when the animal appeared semi-conscious and 
exhausted, even prostrate. Repeated convulsions 
may progress to full unconsciousness and death, or 
there may be a cessation of fits followed by a 
slow recovery, the animal finally sitting up in an 
inco-ordinate and dazed manner. After some 
hours it will seem little the worse, having regained 
full activity and appetite. During the whole of 
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this period monkeys are silent, but their expression 
conveys firstly an apparent headache, then fear, 
anxiety, and distress, and finally loss of apprecia- 
tion of their plight. 


Comparison of MFA with other convulsant drugs 


A detailed comparison was made of the effects 
of MFA with those of nicotine, picrotoxin, 
strychnine, and leptazol in intact cats, monkeys, 
and rats and it was quite clear that MFA resembles 
leptazol more closely in action than it does nicotine 
or strychnine, but its effects develop much later 
and last much longer. Electrically induced con- 
vulsions in the rat were identical in appearance 
with the MFA tonic fit. 


Cumulative action 


MFA is apparently not entirely excreted or 
detoxicated within 24 hours, and if doses below 
the convulsant threshold are given daily to dogs 
some cumulative effect is seen. 

Dog 28, wt. 5.9 kg., was given 0.025 mg./kg. (1/4 of 
the lethal dose) by mouth for five days. It was com- 
pletely unaffected until after the fifth dose, when con- 
vulsions started and death ensued. 

Administration of bigger sub-convulsant doses, how- 
ever, can continue with impunity on alternate days or 
less frequently, and either the animal is unaffected or 
death occurs if the dose is raised to the lethal. This 
again suggests that there is little tolerance to repeated 
and increasing doses. 

Dog 33, wt. 9.1 kg., was given 0.025 mg./kg. every 
third day by mouth in 30 days without any symptoms 
at all. 

Dog 63, wt. 12 kg., was dosed as shown in Table II 
and death occurred after the usual lethal dose of 
0.1 mg./kg. had been reached. 


TABLE II 











Date Dose, mg./kg. Dose, mg. 
22 June... es 0.05 0.6 
os ws VN ae 0.05 0.6 
me ss ae a3 0.05 0.6 
ao ae pat 0.05 0.6 
30, ee ion 0.08 1.0 
2Jjuly.. oo 0.08 1.0 
Baa és 0.10 1.2 
| 


Total a 0.46 5.6 





Post-mortem appearances 


In the animals dying after a long series of 
severe convulsions, signs of asphyxia were found. 
Often the animal died in the position of a tonic 
extensor fit with rigid limbs and tail, bulging 
livid eyes and cyanosed tongue. The blood was 
thick and dark in colour and the veins and the 








Befe 
125’ 


rigl 
ven 
wel 
the 
lun 
col] 
cor 
Sor 
ple 
we 
yul 
cor 
rev 


Eff 


cal 
tio: 


blo 
ass 
ne! 


ser 
an 


(T: 


ion 
ear 
Sla- 


> 


ugs 
cts 
cin, 
YS, 
les 
ine 
iter 
on- 
nce 


we 


fed 


of 


1g 
aS 








METHYL FLUOROACETATE 121 








TABLE Ill 

| 8-/ /100 ml. mg. /100 ml. Plasma 
Time | Condition Hb°< —. - = —- 

| Plasma | Non- Inorg. 

| protein | proteinN| | Ca | cl PO, 
Before | anaesthetized .. ..| 645 | 60 | 25 | 187 | 102 | 387 | 3.6 
90’ preconvulsive -- | 890 | 68 25 22.6 8.4 406 2.45 
125’ after convulsions .. | 103.0 | 6.9 30 47.8 | 12.8 414 6.40 








right side of the heart were distended. The 
ventricles were usually contracted. All the organs 
were congested and dark, especially the liver, but 
the spleen was small, dark, and contracted. The 
lungs were bluish, showing congestion, areas of 
collapse, and emphysema, and the bronchi often 
contained frothy fluid, but there was no oedema. 
Sometimes petechial haemorrhages were seen in 
pleura and endocardium. The brain and meninges 
were usually congested. Goats did not show con- 
yulsions and there was little to find except 
congestion. The kidneys and other organs did not 
reveal anything of interest. - 


Effect on the blood chemistry 


Blood sugar.—It was suggested that MFA might 
cause hypoglycaemic convulsions, but investiga- 
tion of two rabbits and a dog after large doses, 
many times lethal, revealed if anything a rise in 
blood sugar, as one might expect in a condition 
associated with convulsions and hypoxia. 

Table III shows the effect of MFA (2 mg./kg.)- 
by subcutaneous injection in a dog under light. 
nembutal anaesthesia. 

It was thought that the considerable rise in 
serum potassium might be due to the convulsions 
and asphyxia, and so similar investigations were 


The rise in non-protein nitrogen and serum 
potassium was significant in each experiment, but 
only as a terminal event. In the dog the greater 
rise was probably due to the severe muscular con- 
vulsions. Calcium showed a slight fall in the 
goats, but this was not sufficient to cause tetany. 
The considerable haemoconcentration noted in all 
animals was not accompanied by an alteration in 
plasma proteins, and it might be explained by an 
outpouring of erythrocytes from the spleen, 
which at autopsy was always empty. Again, in the 
goats there was a considerable rise in inorganic 
phosphate. 


Effect of MFA on decerebrated and spinal animals 


Decerebrated cats after 5 mg./kg. I.V.—Extensor 
rigidity was enhanced; the forelimbs were hyper- 
extended and the head retracted. Respiration was 
stimulated in rate and depth. Convulsions began 
within 25 min. of injection, continuing at intervals. 
Swallowing movements were seen after 25 min., 
followed later by retching. Respiration began to 
fail, but by applying artificial respiration the heart 
was kept beating for several minutes. 

Spinal cats after 4 mg./kg. LV.—After 60 min. 
all reflexes were more brisk and the knee jerk was 
followed by irradiation of stimulus until finally con- 
vulsions started. Pinching of the foot-pad stimulated 








made on two goats without an anaesthetic 4 mass ‘reflex and then convulsions, and these con- 
(Table IV). tinued, clonic and occasionally tonic, intermittently 
TABLE IV 
| g./100 ml. | mg./100 ml. plasma 
Time Condition % | Plasma Non- Inorg. 
| protein | protein N) K | Ca | Cl PO, 
a ee a SN Sa Say ema 
GOAT r 506 | 
Before | normal 56.5 | 6.8 27 17.2 9.9 309 x eg 
40’ | collapsed and dyspnoeic 66.0 6.1 31 | 19.1 | 9.4 338 6.75 
110’ | distressed and tachypnocic 68.0 | 6.4 31 18.8 | 9.1 328 | 7.65 
nal moribund a a 4 teed | 6.5 36 25.6 9.0 328 8.75 
ee SR es Se es es Ss See alee Snell @ 
GOAT 507) 
Before normal | 66.0 6.8 35 | 14.1 98 | 364 4.80 
40’ | collapsed and dyspnocic | | 77.5 6.2 35 | 17.3 9.1 | 356 6.55 
110’ | moribund ; 2.0 6.5 39 22.0 8.6 366 8.30 
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until the heart stopped three hours after injection. 

In another cat given 2 mg./kg., spontaneous move- 
ments of the forelimbs and twitching of the dartos 
muscle and penile retraction were seen. 

Spinal monkey.—After an initial phase of spinal 
shock lasting 24 hours, MFA was given, and during 
the course of 44 hours a total dose of 100 mg./kg. 
(10 times the normal intact lethal dose) was injected. 

Irradiation of excitor stimuli was more pronounced. 
Chest stimulation by tickling evoked movements of 
the limbs and trunk, and gentle upward pressure in 
the lumbar region with two fingers caused active con- 
traction of abdominal muscles to take the weight of 
the lower half of the body. The tail twitched con- 
tinuously. Later there were spontaneous twitching 
movements of the rear toes, but no actual convulsions 
occurred in this preparation as in the spinal cat. 


Blood pressure and respiration of anaesthetized cats 


Doses of MFA lethal in 18 hours, i.e., 0.3 mg./kg., 
had no effect on the B.P. or respiration, but when the 
dose was increased to 2.9 mg./kg., there was a small 
but gradual rise in pressure. Respiration was stimu- 
lated and the volume in litres per minute increased, 
but after a total dose of 9 mg./kg. it became gasping 
in type, getting slower and more spasmodic. 

Comparison was also made with acetylcholine 
(Fig. 1) before and after atropine (both muscarine 
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respiration ceased; the heart continued beating for 
about 5 min. more, while the blood pressure fell! 
rapidly. 


Knee jerk 


Chloralosed cat (Fig. 2).—There was increased 
extensor tone and the jerk was brisker and the lever 
did not return to its original base line. Later the 
reflexes diminished for a while and the animal started 
generalized convulsions and respiration failed. 

Decerebrated cat (Fig. 3).—Patellar stimuli evoked 
irradiation of reflex responses, but the knee jerk was 
not apparently increased. Extensor rigidity was 
accentuated. Convulsions started and respiration 
failed. 


Spinal cat.—The knee jerk suddenly increased for 
three or four patellar stimuli, and then further records 
were impossible as generalized convulsions supervened. 


Effect on flexor reflex of the spinal cat (Tibialis 
anticus contraction via reflex arc of popliteal and 
peroneal nerves) (Fig. 4).—After injection of 2 mg./ 
kg. MFA, the threshold shock was found at regular 
intervals. The results are plotted graphically (the 
distance in cm. of the coil against the time in minutes) 
and show that there is a progressive reduction in 
threshold, until finally with the coil moved away to 
33 cm. (normal 24 cm.) the tibialis anticus goes into 
myoclonus. ‘Further records were impossible as the 





Fic. 1.—Comparison of acetylcholine and MFA on B.P. and respiration. At A, 0.1 mg. Ach; 
at B, 5 mg. Ach; between A and B, 10 mg. atropine sulphate; at C, 10 mg. MFA; and 


at D, 100 mg. MFA. 


and nicotine effects). After atropine 5 mg./kg. MFA 
had no immediate effect on either B.P. or respiration, 
but a very large dose (50 mg./kg.) produced an 
immediate stimulation of respiration and a rise in 
B.P. similar to that produced by a large dose of 
acetylcholine. The animal soon began to vomit and 


preparation developed generalized tonic and clonic 
convulsions. 
Effect on electric convulsive threshold in rats 


By varying the voltage or time in 1/10 sec. the 
convulsive threshold was determined on two succes- 











for 
fell 


sed 
ver 
the 
ted 





METHYL FLUOROACETATE 123 


CAT 6 wt 2s 
TAHLORALOSE CO wg | Ka 


Knee Jerk 


MFA 
long = 5S mg jg iv 


3 40 Time i mn 





\ 





Fic. 3.—Effect of MFA on knee jerk of decerebrate cat. 


sive days in 20 normal rats, and on the third day the 
threshold was determined again 3/4-1 hour after 
injection of 5 mg./kg. MFA. 

The results demonstrated quite clearly that the 
electric convulsive threshold is reduced by at least 
ten times. The convulsions obtained by electric 
shock and MFA were identical, but the electrically 
induced convulsions produced in the injected rats 
were more severe and of longer duration. 


Experimental therapy 

Convulsive phase —Dog 19, given 1 mg./kg. MFA 
by mouth, suddenly started convulsions after 87 min. 
Attempts were made to inject sodium phengbarbitone, 
but these failed and chloroform was administered on 
an open mask. Although the severity of the tonic 
and clonic spasms was reduced the convulsions con- 
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tinued and the dog died before full anaesthesia was 
obtained. : 

Preconvulsive stage.—(1) Dog 53 was given 0.3 mg./ 
kg. MFA s.c., and 45 min. later 4 mg./kg. dilantin 
(sodium diphenyl hydantoin) was given by mouth. 
As the excitable stage had started after 110 min. 
40 mg./kg. sodium phenobarbitone was injected intra- 
muscularly. Convulsions of modified nature began 
in 120 min., and death followed 10 min. later. 

(2) Dog 57 was injected with 0.3 mg./kg. MFA 
s.c., and this was followed by 40 mg./kg. sodium 
phenobarbitone after 115 min. at the beginning of 
the excitable stage. Fits started after 138 min., and 
another 40 mg./kg. sodium phenobarbitone was 
injected intramuscularly; very mild convulsions 
rather like gross tremors continued without any 
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Fic. 4.—Effect of MFA on flexor reflex (tibialis anticus) 


of spinal cat. MFA: 2 mg./kg. s.c. Ordinates: 
distance of coil incm. Abscissae: time in minutes. 


tonic rigidity of the chest or restriction of respira- 
tion, but death occurred at 195 min. 

(3) Dog 58, 0.3 mg./kg. MFA s.c. After 120 min. 
it was quiet and was given dilantin 10 mg./kg. by 
mouth, but convulsions started at 150 min. Then 


2 mg./kg. omnopon (equivalent to 1 mg./kg. 
morphine) was injected intramuscularly. There was 
no benefit, and it died at 165 min. 

(4) Dog 54, 0.3 mg./kg. MFA s.c. The first 


105 min. were symptom free; 2 mg./kg. omnopon 
was then injected. The dog was partly narcotized at 
140 min., when the excitable stage started and another 
dose of omnopon (2 mg./kg.) was given. Although 
the dog became quieter, convulsions occurred at 
180 min., but were modified by the morphia. It died 
at 225 min. 

(5) Dog 55, 0.3 mg./kg. MFA s.c. After no symp- 
toms for 120 min., hyoscine hydrobromide (0.02 mg./ 
kg.) was injected and repeated again at 195 min. as 
the excitable stage had begun. Controlled and modi- 
fied convulsions started at 230 min., lasting until 275 
min., when death occurred. 

(6) Dog 53, 0.3 mg./kg. MFA by mouth. Thirty’ 
min. later sodium phenobarbitone (20 mg./kg.) was 
given by mouth, and another 20 mg./kg. again by 
mouth at 90 min. This treatment had effectively 
delayed symptoms by 64 hours, and the dog, although 
sleepy, was sitting up and ate a big meal. At 74 hours 
his pupils dilated and the excitable stage had begun. 
Another 20 mg./kg. sodium phenobarbitone was 
injected intramuscularly and he became quieter. The 
same dose was repeated again at 84 hours although 
he was sleeping. No further anxiety was felt, and the 
dog remained semicomatose for 30 hours and gradu- 
ally made a full recovery. 


Prophylaxis 
(1) Dog 34 was given 84 mg./kg. methylphenobarbi- 
tone (Rutonal M. and B.) by mouth on one day and 
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56 mg./kg. on the next day, and this was followed by 
0.4 mg./kg. MFA when the dog was yawning and 
sleepy. 

All symptoms were postponed until 64 hours, when 
the hyperexcitable stage began. He was then given 
0.35 mg./kg. tubocurarine chloride intramuscularly. 
Modified fits followed, and continued at intervals of 
about 3 min. The knee jerk was still present after 
20 min., but respiration failed and death followed at 
63 hours. 

(2) Sodium diphenyl hydantoin (10 mg./kg.) by 
mouth was given to dog 60 on two successive days, 
followed by 5 mg./kg. on another two days. This 
dosage made the dog quiet and subdued ; 0.3 mg./kg. 
MFA was then given by mouth, but the effect of the 
anticonvulsant was insufficient to prevent the onset of 
convulsions after 4 hours. The pattern of the fits 
was modified ; they were shorter, of normal severity, 
and with less relaxation in between. The dog died 
after 44 hours. 

Other measures to reduce muscular excitability, 
such as injection of magnesium sulphate and 
chloride and calcium gluconate, have been ineffec- 
tive in preventing death in rabbits. 


Oxygen and CO, 


Two. batches of 10 rats injected with 5 mg./kg. 
MFA were used, the one as controls and the other 
kept in a small chamber in a continuous stream of 
O, and CO, for 5 hours. All the control rats had 
convulsions before those treated but the mortality 
was as follows: 


Mortality Treated Controls 

24 hours ep 7/10 2/10 

ee. _ 8/10 4/10 

3 days 10/10 7/10 
DISCUSSION 


Methyl fluoroacetate is an exceedingly interesting 
poison because unlike most others it is about as 
toxic by mouth as by injection. The fact that 
doses of 0.1-1.0 mg./kg. by mouth will kill all 
the species of animals tested, except the monkey, 
mouse, and rat, shows that it is more toxic than 
strychnine or nicotine and brings it into the cate- 
gory of aconitine and the most poisonous sub- 
stances known. Lethal concentrations in food, 
water, or milk were not detected either by smell 
or taste, even by animals such as the cat or dog 
with very keen senses. 

Investigation of its pharmacological effects in 
the higher mammals shows that it is a powerful 
convulsive poison and careful clinical observation 
and cinematographic analysis of its action in 
monkeys strongly suggests that it acts predomi- 
nantly on the cerebral motor cortex and on the 
rest of the central nervous system to a lesser 
degree. These suppositions are confirmed by a 
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comparison of the effects of nicotine, strychnine, 
and leptazol (metrazol) on the monkey. Briefly 
MFA has almost an identical convulsive pattern 
with that of leptazol. Both show a similar 
initiation of the convulsion by an apparent 
asymmetrical stimulation of the premotor cortex, 
demonstrated by conjugate deviation of the eyes 
and head rotation followed by a spread, at first 
unilateral and confined to the same side of the 
body, and then becoming generalized. 

MFA however differs very much from leptazol 
in some respects; whereas the effect of leptazol 
is immediate, occurring within 5-9 sec. after 
intravenous injection, that of MFA is delayed for 
some 15-20 min. Further, leptazol usually pro- 
duces one fit only and is rapidly destroyed in the 
body, whereas MFA almost invariably causes 
repeated convulsions either close together, lasting 
about 15 min. and followed by death, or more 
widely spaced and usually followed by recovery. 
The lethal dose by mouth and by injection is 
practically the same and the toxic symptoms 
appear after a similar time, whether it is given 
by mouth or by injection. Even intravenous 
injection has little effect on the time interval. 

Investigation of the smaller animals led the 
Cambridge workers to compare its action with that 
of nicotine, and in some animals, even in some 
monkeys, the depressive action is sufficient to sup- 
port this view; but whereas nicotine depresses 
the knee jerk in monkeys MFA does not and may 
even increase it. Again, MFA has a nicotine-like 
effect, raising blood pressure after big doses, but 
no effect after doses which produce convulsions 
and even death. 

At first we thought its action was like that of 
strychnine ; the type of convulsion in the rat was 
similar, and in the preconvulsive excitable stage 
in the cat, auditory stimuli demonstrated a nervous 
hyper-sensitivity. In the monkey, however, a real 
difference between strychnine and MFA was seen, 
convulsions being generalized and symmetrical 
with the former and asymmetrical to start with 
in the latter and almost Jacksonian in pattern. 
In the rat the convulsion is predominantly tonic 
and identical with that produced by electric 
shock. 

In the monkey the repeated and severe tonic 
and clonic seizures, together with the conjugate 
deviation of the eyes, very strongly suggest a 
resemblance to the condition of status epilepticus 
in man. Evidence in man confirms this belief, 
and in fact repeated and severe fits indistinguish- 
able from status epilepticus are observed. 

Although MFA is a_ powerful convulsant in 
most animals, suggesting possibly that death is due 


to exhaustion and cerebral anoxia after repeated 
convulsions, there is considerable evidence against 
such a simple cause of death. Goats and horses 
do not convulse, and observation of these and other 
animals shows that death is due to a progressive 
failure of respiration, the heart continuing to beat 
for some minutes after breathing has ceased. In 
addition there is considerable haemoconcentration, 
but as there is no alteration in plasma proteins or 
evident oedema it is likely that this is chiefly due 
to contraction of the spleen and mobilization of 
red blood corpuscles from other depots. Many of 
the animals become very cold with apparent peri- 
pheral circulatory failure, this considerable loss 
of body heat being well marked in the horse. 
Further investigation on this line may possibly 
reveal some central effect on the heat regulating 
centre or mechanism. Changes in blood chemistry 
reported here are based on a very small number 
of animals only, but they reveal nothing which 
might be of value in the interpretation of the mode 
of action or in possible treatment. 

If MFA were used as a poison for rabbits or 
rodents and other mammalian pests, there would 
always be the risk of accidental poisoning in man, 
especially as it is tasteless and odourless. With 
the incomplete evidence of its action available, 
but with the knowledge of the symptoms and 
probable cause of death, various therapeutic 
measures have been attempted. The difficulties 
are great: the first indication of poisoning in man 
is the onset of epileptiform convulsions after an 
initial period of nausea and mental apprehension ; 
treatment then amounts to very urgent measures 
to control status epilepticus, and to prevent the 
developing depression of respiration ; there is con- 
siderable danger that active attempts to control 
convulsions by drugs, which themselves may be 
depressive to the respiratory centre, will only 
accelerate death. 

There is some evidence that if sublethal or 
subconvulsive doses are taken by mouth at daily 
or less frequent intervals it has a cumulative effect, - 
and this is confirmed by Kilby and Kilby (1943) 
for inhalation by guinea-pigs, but they suggest 
that in rats the reverse is true, and that rats 
develop tolerance to repeated exposure to small 
doses by inhalation. 

The most effective drug for raising the threshold 
of convulsions in epilepsy and electrically induced 
fits in man (Hemphill and Walter, 1941) is sodium 
diphenyl hydantoin (dilantin). According to Golla 
(1943) this drug does not alter the explosive motor 
discharge from the cortex in epilepsy, but prevents 
its radiation through the central nervous system, 
unlike sodium luminal, which is thought to reduce 
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the actual motor discharge in the cortex and not 
to influence the spread. Unfortunately dilantin 
has a pH of 11.4 and is only administered by 
mouth, the full effect taking about 6 days to 
develop ; therefore it is quite ruled out as a method 
of treatment for poisoning with MFA. 

Sodium phenobarbitone or sodium luminal can 
be injected intramuscularly or intravenously ; one 
dog survived three lethal doses of MFA when the 
barbiturate was administered repeatedly, starting 
30 min. after the animal had swallowed the poison 
and before the onset of toxic symptoms ; convul- 
sions were prevented and yet fatal depression of 
respiration did not ensue. 

The application of intravenous anaesthetics has 
to be pushed to full doses in order to produce 
anticonvulsant effects, because animals, even 
under chloralose or nembutal anaesthesia, still 
develop convulsions when MFA is given. 

So far, in dogs, which were the most convenient 
and the most susceptible animals, no method of 
treatment has been effective once the convulsive 
phase or epileptiform state has been reached, and 
the technical difficulties of therapy, involving intra- 
verious injection into a dog in convulsions, limit 
other possible lines of treatment. However, 
reviewing one’s present knowledge of MFA the 
following lines of treatment for man are 
suggested : 

1. Early intravenous injection of a rapidly acting 
anaesthetic such as pentothal sodium or evipan 
sodium followed by 

2. intramuscular injection of a more prolonged 
acting cortical depressant, such as sodium pheno- 
barbitone or sodium luminal, or rectal avertin ; 

3. very careful supervision of respiration sup- 
plemented by adequate oxygen therapy with BLB 
mask and use of Bragg-Paul and/or Eve methods 
of artificial respiration ; 

4. possible use of intravenous 
glucose as in status epilepticus ; 

5. careful use of tubocurarine chloride to con- 
trol convulsions. 


hypertonic 


SUMMARY 


1. The toxicity of MFA by mouth and subcu- 
taneous injection has been determined for a variety 
of animals. There is considerable variation of 
dosage from 0.1 mg./kg. in the dog to 10-12 
mg./kg. in the monkey and the order of decreasing 
susceptibility is: dog, guinea-pig, cat, rabbit, goat, 
and probably horse, rat, mouse, and monkey. 

2. The toxicity by inhalation for the rat and 
mouse has been investigated more fully than for 
other animals: the LDS50 for rats is 450 mg./cu.m. 


FOSS 


for 5 min. and for the mouse above 1,000 
mg./cu.m. for 5 min. 

3. The pharmacological effects of this substance 
by mouth and by injection in all the animals 
investigated are described. In most animals it 
is a convulsant poison and causes progressive 
depression of respiration. It is toxic by inhalation, 
injection, and by mouth, but not when applied 
to the skin. 

4. The effect of MFA is compared with those of 
nicotine, strychnine, leptazot (metrazol), picro- 
toxin, and electrically induced convulsions in the 
rat, cat, and rhesus monkey. The convulsive 
pattern is considered to be similar to that of 
leptazol. 

5. Post-mortem findings are briefly described, 
but little is found except signs of asphyxia. 

6. In a small number of rabbits, dogs, and 
goats estimations have been made of. blood sugar, 
haemoglobin, plasma proteins, non-protein nitro- 
gen, and serum potassium, calcium, chloride, and 
inorganic phosphate. Apart from the terminal 
rise in non-protein nitrogen and potassium, blood 
changes include a rise of 20-60 per cent in Hb, 
up to 90 per cent in blood Sugar, 70-130 per cent 
in inorganic phosphate and a less significant rise 
in serum potassium. 

7. MFA, like leptazol, acts on the whole central 
nervous system, but the higher centres are more 
sensitive than the lower. 7 

8. Graphic records show that M.F.A. stimulates 
the rate and volume of respiration and then causes 
failure of respiration, probably central in origin. 
Blood pressure is little affected by small doses. 
but very large doses have a nicotine-like action. 

9. MFA appears to accentuate the knee jerk 
until irradiation ‘of the stimuli is so facilitated 
that convulsions occur. 

10. Nervous conduction in the reflex arc of a 
spinal cat is increased and the threshold stimulus 
lessened. 

11. In rats the electric convulsive threshold is 
reduced about 10 times by MFA. 

12. As MFA is both a powerful convulsant and 
a respiratory depressant, the difficulties of treat- 
ment are stressed, but suggestions for treatment 
in man are made. 

13. Since MFA is about equally toxic by mouth 
and by injection, and is not readily detected or 
destroyed, it presents a serious hazard as a food 
and water contaminant if used as a poison for 
rodents and other vermin. 


The chemical estimations of plasma proteins, non- 
protein nitrogen, calcium, and potassium were made 
by Dr. F. C. Courtice, and estimations of chloride and 
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inorganic phosphate by K. M. Wilson, to whom I am 
indebted. 

I am also grateful to Professors Cameron, Lovatt 
Evans, Gaddum, and Golla for their advice and help, 
also the Chief Scientist of the Ministry of Supply for 
permission to publish. 
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During the past few years there have been 
references to therapeutic uses of intravenously 
administered procaine, mostly to produce anal- 
gesia (Lundy, 1942; Gordon, 1943; McLachlin, 
1945 ; Allen, 1945) and also to counteract cardiac 
arrhythmias (Burstein and Marangoni, 1940: 
Burstein, 1946). 

Intravenous administration of a drug as toxic 
as procaine, whether by a single rapid injection or 
by a slow infusion, involves a consideration of the 
rates of dilution, diffusion, fixation, excretion, and 
destruction of the drug in the body. Eggleston and 
Hatcher (1916) showed that the toxicity of intra- 
venous procaine increased directly with the rate of 
injection, and Macdonald and Israels (1932) and 
Hill and Macdonald (1935) demonstrated the same 
relation for depression of breathing. Eggleston 
and Hatcher (1916) also showed, by perfusion ex- 
periments in cats, that procaine is destroyed in the 
liver, but, using a biological test for the estimation of 
procaine concentrations, they observed no destruc- 
tion of procaine by the blood in dogs. These results 
were confirmed by Dunlop (1935) in experiments 
on dogs, in which procaine and p-aminobenzoic 
acid blood levels were determined by a diazotiza- 
tion method, using 4-naphthol as coupling reagent ; 
after hepatectomy he still found some destruction 
of procaine which was attributed to an action by 
tissues other than the liver, though blood itself 
appeared to be inactive. Recently, however, Gold- 
berg, Koster, and Warshaw (1943), Kisch, Koster, 
and Strauss (1943), and Hazard and Ravasse (1945) 
have adapted the Bratton and Marshall (1939) meth- 
od for sulphonamides to the determination of pro- 
caine and p-aminobenzoic acid in blood and tissue 
fluids. They have shown that the plasma and serum 
of many species of animals, including man (in 
whom the effect is most powerful of all), can hydro- 
lyse procaine to p-aminobenzoic acid and di- 
ethylaminoethanol. They ascribe this action to the 


presence of an enzyme, “ procaine esterase,” which 
is said to be distinct from cholinesterase, tropin- 
esterase, and lipase. 

Our work was designed to study procaine blood 
levels in cats after rapid intravenous injection, or 
slow infusion at various rates, with the special aim 
of determining the contributions made by diffusion, 
fixation, excretion, and destruction to the rapid 
removal of procaine from the blood. The parts 
played by the liver and kidney and the effects of 
physostigmine, neostigmine, methylene blue, and 
diisopropylfluorophosphonate on procaine meta- 
bolism have also been studied. 


Chemical reactions involved in experiments 


Procaine is hydrolysed as follows :— 


2H; 
nu.C__oo.0cu.cH.n _ 


NH.4@  ~COOH + (C.H,).N.CH,CH.OH 





p-Aminobenzoic acid may be acetylated, a reaction 


which occurs slowly, in the liver and which is 
negligible during the perfusion experiments to be 
described. The amount of acetylation is consider- 
able in the rabbit and in man, but is small in the 
cat (Ansbacher, 1944). p-Aminobenzoic acid 
may also be conjugated with glycine to form 
p-aminohippuric acid. This reaction is very slight 
in man and in the cat (Beyer, Mattis, Patch, and 
Russo, 1945). 


METHODS 


Cats were anaesthetized with chloralose (80 mg./ 
kg. body weight). Arterial blood pressure was re- 
corded by a cannula in one common carotid artery. 
One femoral artery was cannulated for collection of 
arterial blood samples. The injections or infusions 
of procaine were given into the femoral vein of the 
opposite side. Infusions were kept at a constant rate 
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by the use of a Marriotte bottle and a drip bulb, into 
which was incorporated a platinum loop connected to 
a Gaddum drop recorder to give a graphic record on 
the smoked drum. In this way changes in rate of 
flow were soon noticed and corrected. Procaine 
hydrochloride was made up to 0.3-0.5 per cent (w/v) 
in 0.9 per cent (w/v) NaCl solution. The rate of 
administration is expressed as mg. of procaine hydro- 
chloride/kg. body wt./min. 

Femoral artery blood samples were collected into 
a mixture of sodium fluoride and potassium oxalate 
to give a final concentration of M/2 NaF and M/20 
C,0O,K..H,O. The blood-oxalate-fluoride mixture was 
then placed in a refrigerator at —5°C. It had previ- 
ously been shown that at room temperature less than 
5 per cent of procaine was destroyed in 1 hour in 
contact with this mixture, and on freezing the loss 
was undetectable. At the end of an experiment 2 c.c. 
of each blood-oxalate-fluoride mixture were added to 
8 c.c. of 12.5 per cent (w/v) trichloroacetic acid in 
order to precipitate proteins and provide an acid 
medium in which procaine is stable. 


Procaine and p-aminobenzoic acid concentrations in 
blood and urine were determined by a modification of 
the method described by Kisch and Strauss (1943). 
The procaine was extracted in narrow tubes into 
chloroform (instead of ether) and re-extracted into 
0.6 N.HCl in which the procaine concentration was 
then determined by the method of Bratton and 
Marshall (1939) as used for sulphonamides. Simi- 
lar determinations were made on the blood filtrate, 
directly and after boiling for 1 hour with 6N.HCI; 
these enabled the concentrations of free and acetylated 
p-aminobenzoic acid to be calculated. 

The effect of the liver on procaine destruction was 
studied by noting the change in blood procaine con- 
centration produced by excluding the liver from the 
circulation, in a manner similar to that described by 
Smyth (1947) in his studies on acetate metabolism. 
The whole of the portal area was excluded from the 
circulation and the hepatic artery was isolated but left 
patent. It was found that when a constant rate of 
procaine infusion had been established for about 
15 min. the blood level had become constant. The 
hepatic artery was then clipped so as to cut off nearly 
all the remaining blood flow through the liver, and 
the infusion was continued at the same rate. 


RESULTS 


Continuous infusion of procaine 

Procaine infusions have been given at different 
rates for periods of up to 30 min. At the begin- 
ning of the infusions there was frequently a 10—15 
mm. Hg rise in blood pressure, but the rates of 
flow studied did not subsequently reduce blood 
pressure or depress breathing except with rates 
exceeding 2.0 mg./kg. body wt./min. 

In Fig. 1 the effect of an infusion of 0.8 mg./kg./ 
min. of procaine for 18 min. is shown. The blood 


3 


10- 











| 0-8mg./kg./min | 








T T T T ' 
0 4 10 20 30 
minutes 

Fis. 1.—Curves of procaine and p-aminobenzoic acid 
blood concentrations during and after an infusion 
of 0.8 mg. procaine/kg./min. in a cat. Ordinates : 
concentration of procaine or p-aminobenzoic acid 
in mg./l. Abscissae: time in min. @ e= 
procaine; o- —- —- - -O = p-aminobenzoic acid; 

= period of infusion. 





level of procaine rose within 3 min. to 9.5 mg./I. 
and subsequently to 12 mg./1. after 16 min. Within 
2 min. of stopping the infusion the blood level had 
fallen to 5 mg./l. and 12 min. after the end of 
the infusion it was 2 mg./l. The level of p-amino- 
benzoic acid rose during the course of the infusion 
to 7.5 mg./1. and after the end of the infusion a 
further slight rise to 9 mg./l. was noted ; 12 min. 
after the end of the infusion it was still 8.5 mg./1. 

In Fig. 2, 2.5 mg./kg./min. of procaine was in- 
fused for 12.5 min, At 2.5 min. the blood level was 
35 mg./1., at 5 min. it was 55 mg./1., and at 12 min. 
it had risen to 66 mg./1. After the infusion was 








2 amg./kg./min| 
0 4 8 I 20 30 
minutes 
Fic. 2.—Ordinates and abscissae as in Fig. 1. Procaine 
infusion at 2.5 mg./kg./min. Procaine and p-amino- 
benzoic acid (PABA) blood levels during and after 


infusion. 
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Fic. 3.—Curves of blood procaine and p-aminobenzoic 
acid concentrations at different rates of infusion of 
procaine. Upper part of record: rate and duration 
of infusion. Lower part of record: procaine and 
p-aminobenzoic acid (PABA) blood concentrations. 
Ordinates on left: procaine. Ordinates on right: 
p-aminobenzoic acid. 

stopped the blood procaine level fell rapidly, and 

within 2 min. of cessation it was 40 mg./1., within 

5 min. it was 25 mg./1., and subsequently it declined 

more slowly to 3 mg./l. by 20 min. after the 

infusion had ended. 

The effects of successive increases in rates of 
infusion on blood procaine levels are shown in 
Fig. 3. At rates of 0.5-1.6 mg./kg./min. the blood 
curves flatten out by the end of the infusion. The 


30 








0 os 10 15 
mg./kg./min 
Fic. 4.—Relation of infusion rate to blood procaine 
concentration. Data from curves of Fig. 3. Ordin- 
ates: concentration of procaine in blood in mg./I. 
Abscissae: infusion rate of procaine in mg./kg./min. 
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infusion at 2.1 mg./kg./min. was not maintained 
long enough to reach a plateau level, owing to the 
development of respiratory failure. It was found 
that whenever the infusion had been tolerated for 
a sufficient period (10-30 min. depending on the 
rate of infusion) a constant blood procaine level 
was reached, the height of which was proportional 
to the rate of infusion. The relation between in- 
fusion rate and blood level of procaine is shown 
in Fig. 4, which summarizes the data set out in 
Fig. 3. The blood levels indicated in Fig. 4 are 
the equilibrium values. 


Single injections of procaine 

In one experiment single injections of procaine 
were given (each injection took 30 sec.) and blood 
levels were determined 4 min., 14 min., 34 min., 
and 54 min. after completion of the injection. An 
interval of 30 min. was allowed between each 
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Fic. 5.—Blood procaine concentrations after single 
injections of procaine. In each curve the numeral 
at the top shows the dose in mg. of procaine injected. 
The black square indicates the period of injection 
(4 min.). 


injection so that blood procaine levels could return 
to zero before the next injection. Fig. 5 shows 
the initial high blood procaine concentrations and 
the subsequent very rapid decreases after injections 
of 5, 10, 20, and 30 mg. of procaine. The highest 
rate of fall is during the first minute after the end 
of the injection—e.g., after 30 mg. procaine the 
blood level was 77 mg./|. at 4 min. and 22 mg. /I. 
at 14 min. after the end of the injection. 
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Interpretation of blood level changes after single 
injections of procaine 

It will be seen in Fig. 5 that after a single injec- 
tion of 30 mg. procaine in 30 sec. the blood pro- 
caine level fell from 77 mg./1. to 7.5 mg./1l. within 
5 min. of completion of the injection. Reference 
to Fig. 2 shows that after the termination of an 
infusion of procaine the blood level fell from 65 
mg./l. to 25 mg./1. within the same period. The 
factors which produce this significant difference in 
rates of decay will now be considered. 

After a single injection the fall in blood procaine 
level may be due to the following factors : — 


1. Diffusion from the blood stream into the 
tissue fluids and cells. 

2. Fixation by tissues. 

3. Destruction in the blood stream, tissue 
fluids, and cells. 

4. Excretion. 


It will be shown later that urinary excretion is 
negligible, and there is no evidence for significant 
elimination in any other way, so that the difference 
between the decay curve after a single injection 
and that after a continuous infusion must be 
related to the other factors. After a single injec- 
tion lasting + min. there must be a considerable 
element of diffusion from the blood into the tissues, 
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Fic. 6.—Ordinatés: blood procaine concentrations 


(from Fig. 2) on logarithmic scale. Abscissae: 


time in min. Note the straight line decay in procaine 
concentrations. 


whereas after the end of an infusion, when a 
plateau blood level has been reached, this factor 
would be negligible. Since the blood contains a 
higher concentration of the enzyme procaine 
esterase than any other tissue (Kisch, Koster, and 
Strauss, 1943) this blood enzyme would seem to be 
the most important factor in the fall in blood pro- 
caine level after the end of an infusion. If this 
were so there should be an exponential decay curve 
typical of such enzymatic processes, and Fig. 6 
shows that when the decay curve from Fig. 2 is 
replotted with blood procaine concentrations on a 
logarithmic scale a straight line relationship is 
revealed. This observation, of course, does not 
locate the site of enzymatic destruction, whether in 
blood or tissues, but it does help to distinguish 
the factor of diffusion from that of destruction in 
the following way: If it be assumed that 5 min. 
after a single + min. injection of procaine diffusion 
from the blood has virtually ceased, and further 
that even diffusion into the whole body water 
(intracellular and extracellular) has occurred, then 
it is possible to calculate what proportion of the 
decay curve is due to diffusion and what to 
enzymatic destruction. 


In the experiment recorded in Fig. 5 the cat 
weighed 2.2 kg., and according to Gregersen (1941) 
the blood volume would therefore be 250 c.c., the 
extracellular fluid volume 550 c.c., and the total 
body water 1,500 c.c. If 30 mg. procaine be evenly 
distributed throughout the total body water the 
blood level would be 20 mg./l. and if diffusion 
were incomplete a higher value would be found. 
The actual blood level 5 min. after completion of 
the injection was 7.0 mg./l. Similarly, the pro- 
caine concentrations to be expected after 20, 10, 
and 5 mg. injections would be 13.5, 6.8, and 3.4 
mg./1. respectively ; the actual blood levels were 
4.5, 2.0, and 0.9 mg./1l. It is therefore evident that 
in each case about two-thirds of the injected pro- 
caine has been destroyed or fixed in the tissues in 
5 min. After injection of 10 mg. of procaine the- 
p-aminobenzoic acid level (2.5 mg./I.) suggested 
that the disappearance of this fraction of procaine 
was due almost entirely to hydrolysis and not to 
tissue fixation. From the data given by the decay 
curve in Fig. 2 the reduction in blood procaine 
levels due to enzyme action can be estimated (see 
Appendix) and the reduction due to diffusion can 
be calculated by difference from the values given 
in Fig. 5. In Fig. 7 the continuous line shows the 
curve of enzymatic breakdown that would be 
expected if diffusion were instantaneous, and the 
dotted line the fall in blood level produced by 
diffusion alone. 
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Fic. 7.—Curves showing contributions of diffusion 
(o-—-—-o) and enzymatic destruction (e——e) 
to fall in blood procaine concentrations after 
injection of 30 mg. procaine in 4 min. The curves 
have been obtained by calculations described in the 
text and the Appendix, and should be compared 
with that after 30 mg. procaine in Fig. 5. 


The kidney and procaine blood levels 


The possibility that the kidney might destroy 
or excrete infused procaine quickly enough to 
influence blood levels was studied: 


1. By determining blood procaine levels before 
and after ligation of the renal pedicle. 


2. By measuring procaine excretion in the 
urine. 


1. Fig. 8 shows the results of an experiment in 
which an infusion of procaine at a rate of 1.2 
mg./kg./min. was given for 30 min. In the first 
infusion a peak procaine level of 22 mg./1l. was 
recorded ; the p-aminobenzoic acid level rose 
steadily and remained at 20 mg./I. when the pro- 
caine level had fallen to 2.5 mg./l. after the end 
of the infusion. The renal pedicles were then 
ligatured tightly to cut off all blood flow through 
the kidney, 80 min. after the end of the first infu- 
sion. The infusion was then restarted at the same 
rate as before and continued for 30 min. The 
peak blood procaine level was 24 mg./1. at the end 
of the infusion period. The p-aminobenzoic acid 
level which was 17.5 mg./I. at the beginning of 
the second infusion rose more steeply than on the 
first occasion and finally reached a value of 50 
mg./1. at 30 min. after the end of the infusion. 


The difference between the peak procaine values 
of 22 mg./1. during the first infusion and 24 mg../|. 
during the second infusion (after tying the rena! 
pedicles) is very small and suggests that procaine is 
neither destroyed nor excreted to any significant 
degree by the kidney. The steeper rise in p-amino- 
benzoic acid levels after ligature of the renal 
pedicle suggests a significant excretion of this sub- 
stance by the kidney. 
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Fic. 8.—Effect of tying both renal pedicles on procaine 
and p-aminobenzoic acid blood concentration after 
infusions of procaine (1.2 mg./kg./min.). 








2. Urinary excretion of procaine and p-amino- 
benzoic acid was studied in both cats and man. 
In Fig. 9 (b) the excretion of procaine and 
p-aminobenzoic acid in the urine of a cat is 
recorded for 24 hr. during and after an infusion of 
procaine at a rate of 0.8 mg./kg./min. for 25 min. 
The blood level was steady at 21 mg./l. 2.1 per 
cent of the injected procaine was excreted as such 
during the infusion and in the subsequent 2 hr. 
a further 1.4 per cent was recovered. This rate of 
excretion could play no significant part in the fall 
in blood level after the infusion ended. The excre- 
tion of p-aminobenzoic acid was much greater. 

In Fig. 9 (a) the excretion of procaine and 
p-aminobenzoic acid in human urine is recorded 
during and after an infusion of 2 g. of procaine in 
70 min., urine being collected for a total period of 
54 hr. Only 0.3 per cent of the injected procaine 
appeared in the urine during this period. The 
smaller proportion of procaine found in human 
urine may be related to the finding of Kisch et al. 
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Fic. 9.—Urinary excretion of procaine, p-aminobenzoic 
acid (PABA), and acetylated PABA after procaine 
infusions in (a) a normal human subject and (5) a 
cat. Ordinates: amounts of the above compounds 
excreted in mg./min. Abscissae: time in hr. The 
black horizontal lines indicate the periods of 
infusion: (a) 2 g. procaine in 70 min.; (6) 0.8 mg./ 
kg./min. for 25 min. 


(1943) that the procaine esterase activity of human 
blood is greater than that of cat’s blood. In human 
urine it will be noticed that a large proportion of 
p-aminobenzoic acid is acetylated ; in cat’s urine 
the acetylated fraction is negligible.* 


The liver and procaine blood levels 


The part played by the liver in the destruction of 
procaine was investigated by recording the effect of 
excluding the liver from the circulation on blood 
procaine levels during an infusion in an eviscerated 
cat. 

In Fig. 10 a procaine infusion of 0.65 mg./kg./ 
min. produced a plateau blood level of 14 mg./I. 
Twenty min. after the beginning of the infusion 
the hepatic artery was clipped and the infusion 
continued at the same rate. The blood procaine 
level rose rapidly to 24 mg./1I. and after 20 min. 
of arterial occlusion the level was 25 mg./I.; 
p-aminobenzoic acid blood levels rose steadily 
throughout the whole infusion period and there 
was no significant change in the slope of the curve 
during the period of hepatic artery occlusion. 

It was thought possible that the liver might be 





* Since this paper was submitted for publication Krebs, Sykes, and 
Bartley (1947) have found that in many animals, including cats 
but not man, there are enzymes which deacetylate N4-acetylsul- 
phonamides and which presumably could deacetylate p-acetamino- 
benzoic acid. The presence of such enzymes probably accounts for 
the very small amounts of p-acetaminobenzoic acid found in the 
blood and urine of cats after procaine administration. 


concerned with the synthesis and liberation into the 
blood stream of procaine esterase, as has been 
claimed for cholinesterase by Brauer and Root 
(1946). The increased toxicity of procaine after 
liver damage noted by Ellinger and Hof (1929) 
might therefore be due to a reduction in blood 
procaine esterase. To test this hypothesis liver 
damage was produced by intraperitoneal injection 
of carbon tetrachloride into rats and rabbits. 
Each rat was given 0.075 c.c. of CCl, on five occa- 
sions at 2-day intervals. The rabbits were given 
0.4 c.c./kg. on the Ist day and 0.2 c.c./kg. on the 
3rd and Sth days. Serum procaine esterase deter- 
minations were made before and at intervals 
during the period of CCl, administration, using the 
method described by Kisch and Strauss (1943). In 
rats the normal serum procaine esterase values 
were too small to give useful information, and the 
rabbits, in which high procaine esterase concentra- 
tions were found, showed no reduction with liver 
damage. 
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Fic. 10.—The effect of excluding the liver from the 
circulation during infusions of procaine. Upper 
scale: p-aminobenzoic blood values. Lower scale: 
procaine blood values. The experiment was done 
as described in the text in an eviscerated cat with 
the hepatic artery isolated and left patent. Between 
the arrows the hepatic artery was clipped. 
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Effects of physostigmine, neostigmine, methylene 
blue, and diisopropylfluorophosphonate on 
blood procaine and procaine esterase 

Kisch (1943) reported a powerful inhibition of 
procaine esterase in vitro by physostigmine, neo- 
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Fic. 11.—The effect of diisopropylfluorophosphonate 
(DFP) on blood procaine and procaine esterase 
concentrations during a constant infusion of 
procaine at 1.0 mg./kg./min. The procaine esterase 
concentration is recorded above in arbitrary units. 
The procaine blood levels are recorded below. At 

the arrows DFP was injected. 


stigmine, and methylene blue. Doses of 1 mg. 
physostigmine, 0.75 mg. neostigmine, and 10-50 
mg. methylene blue had no effect on blood pro- 
caine levels during infusions into cats. Diisopropyl- 
fluorophosphonate (DFP), in doses of 0.5 and 2 
mg./kg., as shown in Fig. 11 also produced no 
significant change in blood procaine level during 
an infusion of procaine at 1 mg./kg./min. The 
slight fall in serum procaine esterase activity and 
the slow small rise in blood procaine level noted 
in this record are probably due to the effects of 
repeated withdrawals of blood for determination 
of procaine concentrations. 


DISCUSSION 

The administration of intravenous infusions of 
procaine, as described by Lundy (1942), Gordon 
(1943) McLachlin (1945), and Allen (1945, 1946), 
must be closely associated with the rate of inactiva- 
tion of this compound in the body. Rates of 10—50 
mg. procaine/min. can be administered to human 
subjects for several hours with no evidence of 
cumulative action, and rates of up to 150 mg. of 
procaine/ min. have been given for short periods, so 
that the processes of detoxication are extraordinarily 
rapid and efficient ; this is also shown by the speed 
of recovery from the effects of intravenous pro- 
caine. 

The rates of infusion of procaine administered 
to cats correspond very closely to those given in 
man. In cats, as observed by Hill and Macdonald 
(1935) and confirmed by ourselves, rates in excess 
of 2 mg./kg./min. are liable to produce respiratory 
failure ; this would be equivalent to 12 c.c. of 1 per 
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cent procaine/min. in a 60 kg. man. It might how- 
ever be expected that man would tolerate more 
than this by virtue of the greater procaine esterase 
activity of human blood, which is about 3 times 
that of cat’s blood (Kisch et al., 1943). 

It is clear from the results recorded in Fig. 8 
and Fig. 9 that the kidney plays an insignificant 
part in the destruction or excretion of procaine, 
and the fact that in man less than 0.5 per cent of 
the injected procaine appears unchanged in the 
urine within a few hours shows that urinary excre- 
tion is of no importance. 

Since the marked tolerance to intravenous pro- 
caine is not due to very rapid excretion, it may be 
assumed that the drug is speedily inactivated in 
the body. Destruction of procaine by the liver was 
shown by Eggleston and Hatcher (1916) and by 
Dunlop (1935) and was postulated by Ellinger and 
Hof (1929), and destruction by blood in vitro has 
been demonstrated by Kisch ef al. (1943) and 
Hazard and Ravasse (1945). The question there- 
fore arises as to how much the blood and liver 
respectively are responsible for the inactivation of 
procaine. Our experiments on eviscerated animals 
give some idea of the proportion of procaine which 
may be destroyed by the liver. The rate of pro- 
caine destruction bears an inverse relationship to 
the blood level (plateau level); the rate after 
exclusion of the liver is thus 14/24ths of the 
original rate, the liver haviag been responsible for 
the remainder of the destruction—viz., about 40 
per cent of the total procaine catabolism. 

It was thought possible that the liver might 
secrete procaine esterase into the blood stream in a 
manner similar to that described for cholinesterase 
by Brauer and Root (1946), who showed that liver 
damage produced by carbon tetrachloride reduced 
the plasma cholinesterase level in rats, though sub- 
sequently Ellis, Sanders, and Bodansky (1947) have 
found that this does not occur in rabbits. Our 
experiments on serum procaine esterase levels in 
rats showed such low concentrations of this enzyme 
that the effects of liver damage could not be 
assessed. In rabbits, in which procaine esterase 
determinations were easily performed, liver 
damage caused no reduction in serum concentra- 
tions of this enzyme. From this it is concluded 
that procaine esterase is not released from the liver 
into the general circulation in the rabbit. 

Kisch et al. (1943). found that physostigmine, 
neostigmine, and methylene blue all inhibited pro- 
caine esterase in vitro. Neither these substances 
nor diisopropylfluorophosphonate had any effect 
in full doses on the procaine blood levels in cats. 

With slow infusions, once the initial diffusion 
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has occurred, the maintenance of a steady blood 
level is largely if not entirely the result of enzy- 
matic destruction, and it is interesting to note that 
plateau blood levels are reached with all rates of 
infusion below those which depress respiration. In 
a cat weighing 3 kg., 5 mg. of procaine can be in- 
activated per min. ; in a man weighing 60 kg. this 
would correspond to 100 mg./min. which has often 
been given with apparent safety. 

There seems to be little doubt that the destruc- 
tion of procaine is in fact hydrolysis with the for- 
mation of p-aminobenzoic acid and diethylamino- 
ethanol, the former of these two compounds having 
been frequently detected and estimated in blood and 
urine in the course of these experiments. The con- 
tinued presence of fairly high p-aminobenzoic acid 
blood concentrations after the blood procaine levels 
have fallen almost to zero suggests that procaine 
which is bound to tissues immediately after diffu- 
sion is either slowly hydrolysed by such tissues or 1s 
liberated slowly from these tissues into the blood 
stream where hydrolysis takes place. 


We are very grateful to Mr. W. F. Floyd for help- 
ful criticisms of this work, and to Mr. F. J. Haydon 
for technical assistance. 


SUMMARY 


1. Blood procaine and p-aminobenzoic acid 
blood levels were determined in chloralosed cats 
after procaine infusions at rates of 0.5-2.5 mg./kg. 
body wt./min., and after short single injections of 
5-30 mg. of procaine. 

2. With infusion rates of 0.5—2.5 mg./kg. body 
wt./min., maximum blood procaine levels of 6-66 
mg./1l. were recorded, and where the infusion was 
tolerated for at least 10 min. constant blood levels 
were always attained. Simultaneous p-aminoben- 
zoic acid blood levels suggested rapid and extensive 
hydrolysis of procaine. 
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3. Blood procaine decay curves were determined 
in six cats and found to be logarithmic. 

4. After short single injections of procaine the 
rapid fall in blood level during the first two minutes 
after the injection is due almost entirely to diffu- 
sion from the blood into the tissues. 

5. The kidney plays no significant part in the 
reduction of procaine blood levels during and after 
procaine infusions, but excretion of p-aminoben- 
zoic acid is rapid and considerable. 

6. The liver is responsible for destruction of up 
to 40 per cent of the procaine metabolized in the 
cat. 

7. There is no conclusive evidence that the liver 
“ secretes ” procaine esterase into the blood stream 
(rabbit). 

8. Physostigmine, neostigmine, methylene blue, 
and DFP do not influence blood procaine levels 
during procaine infusion. 


APPENDIX 


(Written with the help of Mr. W. F. Floyd of the 
Department of Physiology, Middlesex Hospital 
Medical School.) 


Note on the calculation of enzymatic hydrolysis 
after rapid injection 

When the type of substrate concentration- 
velocity curve for the enzyme is known the rate of 
enzymatic hydrolysis can be calculated from the 
mean rate of breakdown over the whole period of 
observation. After a single rapid injection the 
blood concentration is much higher than the tissue 
concentration during the first few minutes. Thus 
the assumption made here that the procaine is 
hydrolysed only in the blood will probably not 
involve a large error. 

When the concentration of procaine in the blood 








I 2 3 | 4 5 
Time intervals | ' We = lie 
Ci(mg./1.) C:Kmét(mg./1.) | - —~ & C.Kmit Diffusion 
min. | a6 
0-0.25 95 | 2.66 | 17.34 | 77.66 
0.25-0.75 64 3.55 13.79 50.21 
0.75-1.25 36 2.00 11.79 24.21 
1.25-1.75 26 1.45 10.34 14.66 
1.75-2.25 11.8 0.65 9.69 2.11 
2.25-2.75 9.6 0.56 9.13 0.47 
2.75-3.25 8.4 0.47 8.66 0.26 
3.25-3.75 8.0 0.44 8.22 —0.22 
3.75-4.25 7.6 0.42 7.80 —0.20 
4.25-4.75 to 0.40 7.40 0.10 
4.75-5.25 7.0 0.39 7.01 0 
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is C,, the concentration hydrolysed in the small 
time interval 6¢(C, being the mid-interval concen- 
tration) is obtained by multiplying C by a 
coefficient proportional to the mean rate of break- 
down occurring in unit time (i.e., the product Km) 
and by 6. 

Hence the total concentration hydrolysed in the 
time interval O-7 is the sum of the concentra- 
tions hydrolysed in the successive time intervals 6r. 
This is equal to the difference between the total 
amount injected (W,) and that still unhydrolysed 
at time T (W ,) divided by the fluid volume (a) in 
which they are dispersed— 


, T 
i.e., = C.Km 3t = (Wo — Wr)/a. 


i=0O 

(Note: the parameter K in the product Km is 
the velocity constant of the enzyme reaction ; m is 
proportional to the enzyme concentration in the 
blood and for any one animal is a constant.) 

An example of the working for an injection of 
30 mg. of procaine into a 2.2 kg. cat with a total 
body water of 1.5 1. is given in the Table. 

In order to calculate the entries for column 3 
of the Table it is necessary to determine the value 
of Km as follows :— 


.25 
> C, = 233 (i.e., sum of total values of C,). 
Oo 





Wo= 30mg. Wr= 105mg. a= 1.51. 
5¢ = 0.5 minutes. 
Wo—Wr 30 — 10.5 
Km= ——s— = 13X05 x BS OIA 


T 
a.ot. =Cc; 
0 


In Fig. 7 the continuous curve is that given by 
column (4) and the dotted curve by column (5). 
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EFFECTS OF BAL AND BAL GLUCOSIDE IN ACUTE 
LEAD ACETATE POISONING 
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2:3-Dimercaptopropanol (BAL) was. described 
by Peters, Stocken, and Thompson (1945) as an 
antidote to lewisite and other forms of arsenical 
poisoning. It has also been found to protect 
animals poisoned by several other heavy metals, 
but so far as is known the only data on its effect 
in lead poisoning are those of Braun, Lusky, and 
Calvery (1946), who found that after single or 
repeated intraperitoneal injections of lead nitrate 
into rabbits courses of BAL increased the 
mortality above that of control groups of animals. 
The experiments reported in the present paper 
are part of a study of the action of BAL and 
other dithiols in lead poisoning. 


MATERIALS AND METHODS 
Materials 


The BAL used in this investigation was a water- 
purified sample kindly presented by Prof. R. A. 
Peters. It was stored in a refrigerator and solutions 
were prepared freshly as required. Solutions of BAL 
glucoside (Danielli, Danielli, Mitchell, Owen, and 
Shaw, 1946) were prepared from its barium salt by 
liberating the free dithiol with sulphuric acid, pre- 
cipitating any residual barium with sodium sulphate 
and removing the precipitate by centrifuging. The 
strength of the solutions was estimated by iodine 
titration before use: this gave somewhat variable 
results, but was more satisfactory than computing 
the strength from the amount of barium salt used, 
as the latter varied considerably in its thiol con- 
tent. The doses quoted must be regarded as only 
approximate. 


Red cell fragility experiments 


Freshly prepared, heparinized, and washed rabbit 
red blood cells were allowed to react with lead acetate 
or BAL or plasma or mixtures of these, usually for 
one hour at room temperature. Their fragility was 


then determined by adding aliquots to a series of 
sodium chloride solutions ranging from 0.28 to 0.64 
per cent (w/v) at intervals of 0.04 per cent, centri- 
fuging and estimating the haemoglobin concentration 
in the supernatant fluid by visual comparison with 


standards at 20 per cent intervals prepared from a 
water-laked suspension of the same red cells. The 
percentage lysis plotted against the salt concentration 
gave a sigmoid curve from which the 50 per cent lytic 
concentration (LyC50) was obtained graphically. The 
probit of the percentage lysis plotted against the loga- 
rithm of the salt concentration allowed a straight line 
to be fitted fairly closely ; such lines did not give a 
substantially different estimate of the LyC50 and were 
used only when a quantitative estimate of the slope 
was required. For measurements in vivo the same 
procedure was followed, except that aliquots of the 
washed cell suspensions were added immediately and 
without other manipulation to the series of sodium 
chloride dilutions. 


Blood estimations 


Reticulocyte and red cell counts were performed by 
the usual techniques. Haematocrits were determined 
in capillary tubes of 0.1 ml. capacity. Haemoglobin 
was estimated in early experiments as carboxyhaemo- 
globin by means of a dilution comparator and later as 
cyanmethaemoglobin (King, Gilchrist, and Delory, 
1944) by means of a Hilger Spekker absorptiometer 
calibrated with rabbit blood of known oxygen capa- 
city. Calculations based on duplicate estimations 
made in the course of these experiments gave the 
standard error-of the red cell counts as +0.22x 10° 
cells per cu. mm. and of the haemoglobin determina- 
tions by the cyanmethaemoglobin method as +0.28 g. 
haemoglobin per 100 ml. 


Rabbit metabolism experiments 


Adult rabbits of both sexes and various breeds were 
kept in metabolism cages for 22 hours a days and fed 
in the remaining two hours on bran, oats, greens, and 
turnips. Water was allowed ad libitum. Lead acetate 
was given by stomach tube and dithiols by injection 
into the muscles beside the vertebral column. Three 
to five rabbits were handled in a single experiment. 
Of these, one was treated with lead acetate and either 
olive oil as used to dissolve the BAL or glucose equiva- 
lent to the amount of BAL glucoside given to the 
other rabbits; sometimes one was treated with a 
dithiol and no lead ; and the rest received lead and 
a dithiol. The rabbits were allotted to different treat- 
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ments by a random procedure. Variation due to 
external conditions therefore affected all groups as 
far as possible equally. 


Coproporphyrin estimations 

Coproporphyrin was estimated, usually in duplicate, 
on toluol-preserved three-day samples of urine and 
on three-day samples of faeces ground with anhydrous 
sodium sulphate, as described by O’Brien (1946). The 
urine and faeces were acidified with glacial acetic 
acid and extracted with ether. The ether was washed 
with 2 per cent (w/v) sodium acetate and extracted 
with 5 per cent HCl. The HCl was neutralized with 
solid sodium acetate and extracted with ether; this 
ether was extracted with 0.5 per cent HCl. The last 
three steps were repeated once or twice if necessary 
to give a bright red fluorescent solution. The faecal 
extracts were taken into 0.2 per cent HCl and washed 
with chloroform before estimation. Completeness of 
extraction was checked at each stage by observing 
the absence of fluorescence in ultra-violet light. The 
coproporphyrin in the extracts was estimated fluori- 
metrically in 0.5 per cent HCl against a standard 
solution of coproporphyrin I, kindly provided by 
Mr. J. R. P. O’Brien, in a Rimington-Schuster com- 
parator (Rimington, 1943). The standard error, calcu- 
lated from duplicate estimates, in these experiments 
was +8.2 per cent for urines containing 3 to 100 xg. 
per 100 ml. The porphyrin was not further identified, 
but in view of the technique of extraction used and 
the well-established excretion of coproporphyrin in 
lead poisoning (Fischer and Duesberg, 1932 ; Watson, 
1936; etc.) there is little doubt as to the substance 
estimated. 


RESULTS 


I. Preliminary experiments 


Preliminary experiments were carried out in 
mice. Promising results were obtained (Table I), 
but it was difficult to produce lead poisoning 
suitable for experimental study in these animals. 
They were very resistant to lead salts given by 


TABLE I 


The effect of BAL and BAL glucoside injected intra- 
muscularly in mice poisoned by lead acetate injected 











intraperitoneally 
| Mor- 
Dose of | Dose of tality | Significance of 
lead dithiol at 14 difference, 
acetate | Dithiol | | days | control and 
mg./kg./day | mg./kg./day| from treated 
for 5 days | for 5 days | start | # 
of expt.) 
50 None | ae | ojo | — a 
50 | BAL | 20 7/10 1.57 | about 
0.2 
50 BAL 1000 | 3/10 7.90 <0.01 
glucoside 





stomach tube or in the diet, and they suffered 
severely from the local necrotic action of solu- 
tions injected into the peritoneum or intra- 
muscularly. Larger and less resistant animals— 
viz., rabbits, were therefore used, in which 
haematological changes could conveniently be 
taken as an index of lead poisoning (Flury, 1934, 
for review). The experiments were based parti- 
cularly on those of Aub, Reznikoff, and Smith 
(1924a and b) in vitro and of Key (1923) in vivo, 
as they appeared to provide means whereby toxic 
effects of lead could be produced rapidly and 
reproducibly. 
Hl. In vitro experiments. Fragility of normal 
rabbit washed red cells 

The sigmoid curve relating the percentage lysis 
to the logarithm of the salt concentration was 
found to be fairly constant in shape but to vary 
somewhat in position. Variation occurred from 
day to day in the same rabbit and between the 
mean values for different rabbits. The former 
factor was the more conspicuous. From deter- 
minations on 22 rabbits, the mean LyCS50 was 
found to be 0.51 per cent with a standard deviation 
of the individual values of + 0.042 per cent NaCl. 
When the probit of the percentage lysis was plotted 
against the logarithm of the salt concentration, 
lines with a slope (b) of —20 to —30 were 
obtained. ‘ 


Fragility of red cells after exposure for one hour 
to lead acetate (9 ug.Pb per ml.) 

After exposure to lead acetate, the cells were 
more resistant to lysis by hypotonic saline. As 
was found by Aub, Reznikoff, and Smith (1924a), 
the change apparently affected mainly those cells 
which were in any case most resistant, as there 
was a much greater difference in the salt concen- 
tration necessary to effect over 50 per cent lysis 
than in that to effect 10 or 20 per cent lysis. 
Hence the fragility curves were flatter than 
normal, and the slopes of the transformed curves 
were in the region of —10. The reduction in 
the LyC50 varied (Table II) and was apparently 
not related to the initial value. The effect was 
smaller if the fragility was estimated half an hour 
instead of one hour after exposure to lead acetate. 


Fragility of red cells after exposure for one hour 
to BAL 
After exposure to 22.7 ug. BAL per ml., the 
cells were slightly more resistant to hypotonic 
haemolysis than normal. In one or two experi- 
ments in which 113 ug. BAL per ml. were used, 
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TABLE II 


The mean fragility of rabbit red blood cells exposed 
to lead acetate and BAL 














| 
is. D. of | 
No. of | 
Observation obser- vas Ln .E,| indivi- | P 
vations) fo NaCl dual 
values 
Normal LyC50__a.. * |0.51+0. 000 40.042} — 
LyC650 after lead ace- 
tate 9 ug.Pb/ml... 51 0.35 40.010} 40.068 — 
LyC50 after BAL | 
22.7 ug./ml. 5 | 0.48 +0. 015) +0. 034 = 
LyC50 after lead ace- 


tate 9 ug.Pb/ml.+ | , 

BAL 22.7 wg./ml. | 5 0.48 +0.017| +0.038) — 
Mean difference, nor- | | | 

mal and lead | 

treated cells 
Mean difference, nor- | 


| 51 |0.1540.011 | £0.079, <0.001 
| 
mal and weg 
| 
| 


treated cells 

Mean difference, nor- 
mal and BAL + 
lead treated cells 


| 
0.03 +.0.009 | +0.020) <0.05 





5 0.03 +0.011 | +0.024; <0.05 
| 
| 





The 50 per cent lytic concentrations (LyC50) were 
determined graphically from sigmoid fragility curves. 


*Weighted mean of 54 observations on 22 rabbits. 


the change was more obvious. It was not accom- 
panied by any appreciable change in the slope 
of the fragility curve. 


Fragility of red cells after exposure to lead 
acetate and BAL 


When BAL was added immediately after lead 
acetate (9 ug.Pb per ml.) the effects of lead on 
the shape and position of the fragility curve were 
more or less prevented (Table II): 1.13 ng. of BAL 
per ml. (0.2 mols per mol of lead acetate) had 
no effect; 5.7 yug./ml. (1 mol per mol) pre- 
vented about 80 per cent of the effect ; and 22.7 
ug./ml. (4 mols per mol) prevented it almost or 
quite completely. The effect of lead acetate took 
some time to develop fully. It was incomplete 
at half an hour, and if BAL was added at this 
time, further development was prevented but there 
was very little reversal of the established change ; 
this was so even if BAL was allowed to act for 
three hours or if BAL concentrations up to 20 
mols per mol of lead acetate were used. 


Fragility of red cells after exposure to lead acetate 
and BAL glucoside 


Like BAL, solutions of BAL glucoside added 
immediately after lead acetate abolished or 
reduced the lead effect. Mol for mol the activity 
of the glucoside appeared to be of the same order 
as that of ‘free BAL. 


L 


‘of BAL alone. 
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Influence of normal rabbit plasma on the lead 
acetate-red cell system 


The results described above suggested that 
inhibition of the effect of lead acetate on red cells 
might provide a much needed method for assaying 
fairly small quantities of BAL in plasma, The 
fragility of normal red cells showed only small 
and variable changes when up to 18 per cent (v/v) 
of plasma was present in the reaction mixture, 
whether the plasma came from the same or a 
different rabbit. As was found by Aub, Reznikoff, 
and Smith (1924a) plasma inhibited the effect of 
lead, but this inhibition was fairly variable. With 
9, 13.5 or 18 per cent (v/v) of plasma, usually 
about two-thirds of the effect of lead acetate was 
prevented, but values from 7 to 100 per cent 
were sometimes obtained. There was no obvious 
difference between the responses to plasma from 
the rabbit which had supplied the cells and those 
to plasma from other rabbits. 


Influence of normal rabbit plasma and BAL on the 
lead acetate-red cell system 

When BAL and plasma were both added to the 
reaction mixture immediately after the lead 
acetate, there was always less inhibition of the lead 
effect than was produced by the similar amount 
Sometimes there was also less 
inhibition than that produced by plasma alone, 
particularly with the higher concentration of 
plasma (18 per cent (v/v) ) and smaller concentra- 
tions of BAL (5.7 »g./ml.). This smaller inhibition 
occurred also if the BAL and plasma were added 
an hour after the lead acetate, or if the BAL and 
plasma were mixed half an hour before addition 
to the reaction mixture of red cells and lead 
acetate. 


Influence of plasma from BAL treated rabbits on 
the lead acetate-red cell system 

Two rabbits were used in each experiment. The 
first rabbit was bled (1 ml.) and injected intra- 
muscularly with 50 mg./kg. BAL in nut oil or in 
66 per cent (v/v) propylene glycol in water, or, 
in control experiments, with solvent alone. Further 
1 ml. samples of blood were taken half, two and 
four and a half hours after injection. The samples 
were heparinized and centrifuged and the plasma 
was separated at once. The anti-lead activity of 
the plasma so obtained was assayed on lead 
acetate-red cell systems prepared about the same 
time with cells from the second rabbit. Sometimes 
the samples were re-assayed using other cells next 
day. The results are given in Table III. There 
was, in general, not an increase but a decrease in 
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TABLE III 
ANTI-LEAD ACTIVITY OF PLASMA FROM RABBITS BEFORE AND AFTER INJECTION OF BAL 


The 50 per cent lytic concentrations were determined graphically from sigmoid fragility curves. Figures in 
the four final columns are the percentages of the lead effect prevented by adding 0.1 ml. plasma to 1.0 ml. 


of cell suspension treated with lead acetate, 


(Plasma + lead) LyCS50—Lead LyCS0 





“Norma! LyC50-Lead LyC50 


— x 100. 


Duplicate estimates on separate fragility systems are shown independently. The final averages for BAL- 
treated and untreated rabbits are based on the mean, values for each rabbit. 


























Experiment | 50°%% Lytic concentrations °/ of lead effect 
seieiavaaninimaseii seanlincindiiaanan - =| ——. - prevented by plasma 
Material Rabbit} Exp. | Nor- : FRAC, + Fiseme ——e a 
injected No. | No. | mal | PbAc, | Before Hrs. after injec. Before Hrs. after injec. 
| injec. | 4 2 44 | injec. | 4 | 2 | 4 
ee ee | a | a aes 
BAL 50 mg./kg.innutoil | 43 | 4a@ || 0.63 | 0.29 | 0.52 | 030,> — | — 70 | 3 ~= — 
” 9 43 4b | 0.48 | 0.39 | 046 046 043, — 78 |. 78 | 45 — 
| 0.48 | 0.35 | 0.46 0.46 | 0.42 | 0.46 85 85 | 54 85 
i ij 48 | 4d | 0.56 | 0.25 | 0.44 | 0.28} 0.26| — | 61 | 10, 3 | — 
| 0.55 | 0.28 | 0.41 0.28 | — | 049 || 48 0; — | 
99 % 52 4g || 0.49 | 0.35 | 0.46 | 0.44 — —- 79 | 64 — |- 
|} 0.51) 030} — | — |o40}045) — | — | 48 | 71 
BAL 50 mg./kg. in propy-| 49 | 4h || 0.48 | 0.29 | 043 |036/ — | — | 70 | 40 | — | 
lene glycol | | | 0.47 | 0.34 | — | — | 0.44 | 0.41 ee Reed 82 E 
Average values for BAL-treated rabbits - 70 40 | 45 71 
Nut oil .. .| 48 4f | 0.55 | 0.30 | 0.52 | 0.52 | ~— — | 92 | 92 — — 
1 0.55 | 0.42 | — — | 050 | 047 | — | — | 69 38 
| | 0.47 | 037 |} 046} — | — | 043} 90 | — | —_ to 
1» 9 51 | 4g || 0.49 | 0.35 | 0.46 | 0.46 | — A B.S oe 
| | 0.51 | 0.30 | — — | 039/044], — | — | 43 | 66 
Propylene glycol - S51 | 4h || 048 | 0.29 0.42 040; — | — || 70 | 60 | — — 
| [047 | 034 | — | — | 04s 1040 || — | — | 85 | 46 
— —_ — | | _| | | 








Average values for control rabbits 














80 | 70 | 66 | 52_ 





the anti-lead activity of plasma after BAL. Much 
weight cannot be attached to this finding, because 
some fall occurred also in the later samples from 
the control rabbits: however, large changes were 
observed only in the post-BAL plasmas (e.g., exp. 
4a, 4d) and especially in the half-hour sample. 
Such a change is consistent with the purely in vitro 
finding that small amounts of BAL can diminish 
the anti-lead activity of plasma. In experiment 
4d, the effect of the plasma samples on the fragility 
of cells without lead was examined. Neither the 
normal plasma nor the samples after BAL had any 
effect on the normal fragility. The effect of the 
plasma therefore seems to be on the lead rather 
than directly on the cells. 

Aub, Reznikoff, and Smith (1924b) claimed that 
the extent to which plasma or serum prevented 
the effect of lead on red cells was parallel to the 
phosphate concentration of the plasma or serum. 
The phosphate concentration of four sets of 


plasma, two from control and two from BAL- 
treated rabbits, were therefore estimated by a small 
scale modification of the  Briggs-Bell-Doisy 
method, using a Hilger Spekker absorptiometer for 
the colour intensity determinations. A difficulty 
arose in that it was generally difficult to bleed 
rabbits by a single venepuncture when they had 
been treated with BAL, and that in samples 
obtained by allowing blood to drip from the ear 
some haemolysis occurred and the plasmas were 
pink or red. These plasmas gave a high phosphate 
content, presumably owing to phosphate liberated 
from damaged cells. Excluding samples with 
visible lysis, no change exceeding + 5 per cent 
in phosphate concentration was found in control 
or BAL plasmas, although their anti-lead activity 
varied considerably. No correlation, positive or 


negative, was observed between the presence of 
haemoglobin in plasma samples and the anti-lead 
activity. 








HI. 


exc 
sur 


Bla 


-_=—oa— pp OA oWOs8Bd ss 


> 


Pr ew 





all 





BAL IN LEAD ACETATE POISONING 141 


III. In vivo experiments. Changes in untreated 
lead acetate poisoned rabbits 
The normal blood picture and coproporphyrin 
excretion of stock rabbits in this laboratory are 
summarized in Table IV. After a single dose of 


TABLE IV 


Blood picture and coproporphyrin excretion of normal 
laboratory rabbits 











3 9 Combined 
R. B. C. x 10-§/cu.mm. 6.140.9| 5.9+0.4| 6.040.7 
Haemoglobin g./100 ml. 14.341.7! 12.6+1.7 13.5+1.8 
Haematocrit % .. -. | 41.5 40.3 | 38.441.5! 39.841.2 
Reticulocytes per 100 
| et ; - | 1340.9) 1.741.383 | 1441.0 
Mean corpuscular haemo- 
globin concentration, | 
upg./cell - 23.6 +3.3 | 21.5 43.2) 22.7+3.2 
Mean corpuscular volume, 
cU.y. 66.7 +2.9 | 65.3 41.7 | 65.9 +2.3 
Coproporphyrin excretion 
ug./day, urine .. .. | 4142.6) 5.743.6| 4.833. 
», faeces | §.144.7) 4.642.8) 4.8+3.9 





The values given are the mean and standard devia- 
tion of individual values for nine male and _ seven 
female rabbits. 


300 mg./kg. (0.8. mM./kg.) of lead acetate by 
stomach tube, anaemia, reticulocytosis, punctate 
basophilia, slight albuminuria, haemoglobinuria, 
and increased coproporphyrin excretion were 
observed (Table V and Fig. 1). The anaemia 
varied in severity. It was greatest about the 
third to sixth day, and recovery took three to six 
weeks. The mean corpuscular haemoglobin 
concentration did not vary significantly, though 
apparent high values tended to occur at the onset 
and low values appeared in the second week. The 
reticulocyte count rose rather slowly and reached 
its peak after about a week. Punctate basophils 
were found roughly in proportion to the number 
of reticulocytes present. The red cell fragility did 
not change as strikingly as in the rather similar 
experiments described by Aub, Reznikoff, and 
Smith (1924a). In the present experiments changes 
of fragility were observed mainly in rabbits which 
developed the worst anaemia. In these the fragility 
curve became flatter, with slopes of about —12, 
and the position of the LyCS0 showed little change. 
If anything it increased, though by not more than 
0.10 per cent NaCl, indicating that the cells were 
less resistant to hypotonic haemolysis. The change 
in LyC50 did not exceed normal limits: the 
flattening was similar to that observed in vitro, 
though less definite. Haemoglobinuria, some- 
times sufficient to produce a dark brown urine, 
occurred in the first two or three days, but no red 
cells were found in the urine. The excretion of co- 


proporphyrin was greatly increased, mainly in the 
urine, and continued for at least nine days: in one 
rabbit quantities above normal were still found 
after three weeks. Of the eight rabbits treated 
with lead acetate and no dithiol, three died. In 
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Fic. 1.—Acute lead acetate poisoning in rabbits. 
Ordinates: haemoglobin (Hb) g./100 ml.;_reticu- 
locyte count (R) per 100 R.B.C.; coproporphyrin 
excretion pg./day; UC, urinary; FC, faecal. 
Abscissae; time in days from administration of lead 
acetate, 300 mg./kg., by stomach tube. Values for 
haemoglobin and reticulocytes based on eight 
rabbits and for coproporphyrin excretion on three 
rabbits. 


one of these the haemoglobin fell by over half 
in the first day and its death on the second day. 
was probably due to anaemia. The other two 
died on the third and sixteenth days respectively, 
without gross anaemia or other obvious cause. 


Changes in rabbits receiving only dithiols 


The actions of dithiols alone are being studied 
further and will be reported in detail separately. 
The amount of BAL used in the present experi- 
ments caused transient haemoconcentration and 
occasionally a rise in reticulocyte count. Other- 
wise the blood picture and red cell fragility were 
unaltered. Increased excretion of coproporphyrin, 
or of a red fluorescent pigment which behaves 
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TABLE V 
INFLUENCE OF DITHIOLS ON THE EFFECTS OF LEAD ACETATE IN RABBITS 


The fall in R.B.C., haemoglobin and haematocrit are calculated from the mean difference between two 
control values before treatment and values on the first and third days after administering lead acetate. 
The values given are the mean and standard error for all the rabbits in each group. The coproporphyrin 
excretion figures are those for the first three days after administration of lead acetate, and are based on 

2 or 3 rabbits in each group. 












































| Significance 
No. Fall in Fall Copropor- | of difference 
Lead acetate 300 mg./kg.| of | No.| Fallin Haemo- in | Haemo-| phyrinex- from 
orally and dithiols rab- | died R.B.C. | globin h’crit | globin- cretion untreated 
intramuscularly bits x 10*® | g./100 ml. % uria pg./day R.B.C. fall 
Ur. | Fc. t P< 
No dithiol .. a 2 3 1.6440.41 | 4.234107 | 120 | ++ | 45 | 13) — _ 
BAL 50 mg./kg. at 1 hr. + 
25 mg./kg. 8-hrly. for 7 | 
doses - - ey 2 | 0.12+0.19 | 0.19+0.63 2.2 | Trace 92 9.4 |13.55 | 0.01 
BAL glucoside 250 mg./kg. 
at 1 hr. + 125 mg./kg. 
8-hrly. for 7 doses at 0 1.23+0.44 | 2.254046 | 11.5 |Oto+ | 50 | 14.0 | 2.16 | 0.1 
BAL glucoside 250 mg./kg. | | 
at 1 and 5 hours .. cat ss 0 0.47 +.0.22 1.02 +-0.37 4.0 |}0to+ — — 9.85 | 0.01 
BAL 25 mg./kg. + BAL | 
glucoside 125 mg./kg. at | | 
1 hr. + BAL 12.5 mg./kg. 
+ BAL glucoside 62.5 mg. || | 
kg. 8-hrly. for 7 doses .. 2 0 0.52 1.30 — |Oto-+ 42 9.8 — — 
BAL glucoside 250 mg./kg. 
at 21 hrs. + 125 mg./kg. 
8-hrly. for 4 doses oo | | 0 | 2.60 | 6.85 17.5 ++ | — _i— — 
| 
similarly, occurred consistently. Assuming the Fic. 2.—Acute lead acetate poisoning 


pigment to be coproporphyrin, the excretion after 
doses of BAL such as were used here was of the 
order of 12 to 20 ug./day. BAL glucoside alone 
had no appreciable effect on the blood picture. 
Its effect on porphyrin excretion has not been 
studied. 


Effect of dithiols in lead acetate poisoned rabbits 


Lead poisoned rabbits treated with BAL in a 
dosage of 50 mg./kg. (0.4 mM./kg.) intramuscu- 
larly one hour after the lead acetate followed by 25 
mg./kg. every eight hours for two days—i.e., to 
a total dosage of 200 mg./kg. (1.6 mM./kg.) 
developed very little anaemia as long as BAL was 
being administered. Later the anaemia increased, 
but the fall was less than in untreated animals 
(Fig. 2). Reticulocytosis was smaller, and occurred 
earlier than in rabbits receiving lead acetate but 
no BAL. This response was somewhat variable 
and the difference may be due to chance. The 


coproporphyrin excretion was greater than in 
rabbits receiving no dithiol, but subsequently fell 
off more quickly. Although there was good pro- 
tection against the anaemia, the mortality vas not 
appreciably altered, as two rabbits of the four in 
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treated with BAL. Ordinates and 
abscissae as in Fig. 1. BAL, 200 
mg./kg.in all, given during first two 
days after lead acetate. Values for 
haemoglobin and reticulocytes based 
on four rabbits and for copropor- 
phyrin excretion on three rabbits. 
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this group died, on the fifth and twelfth days 
respectively. 

Treatment with BAL glucoside (Fig. 3) on a 
similar dosage system but with a total dosage of 
about 1,000 mg./kg. (3.5 mM./kg.) had only a 
slight and not significant effect on the anaemia. 
However, when the BAL glucoside was given in 
two 250 mg./kg. doses one and five hours after 
the lead acetate, it was about as effective as BAL 
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Fic. 3.—Acute lead acetate poisoning treated with BAL 
glucoside. Ordinates and abscissae as in Fig. 1. 
BAL glucoside, 1,000 mg./kg. in all, given during 
first two days after lead acetate. Values for haemo- 
globin and reticulocytes based on three rabbits and 
for coproporphyrin excretion on two rabbits. The 
line joining points enclosed by circles is for a group 
of four rabbits treated with BAL glucoside, 500 
mg./kg. in all, given during the first six hours after 
lead acetate. 











in delaying the onset of anaemia. Porphyrin 
excretion and reticulocytes were not followed in 
the latter group. In the former, as in BAL treated 
rabbits, the coproporphyrinuria was greater and 
the reticulocytosis less than in those receiving lead 
acetate alone. Of a pair of rabbits treated with 
BAL and BAL glucoside, as suggested by Danielli 
et al. (1946), one developed very little and one 
considerable anaemia. Both produced large 
amounts of coproporphyrin. One rabbit treated 
with BAL glucoside twenty-one hours after lead 
acetate, by which time anaemia was _ well 
developed, did not become more anaemic, but did 
not recover more rapidly than those of the control 


group. In all the dithiol treated rabbits, red cell 
fragility changes occurred as in the controls—i.e., 
only when there was fairly severe anaemia. None 
of the eight rabbits treated with BAL glucoside 
alone died, nor did the two treated with BAL and 
BAL glucoside together. 


DISCUSSION 


In suitable concentrations BAL prevented the 
action of lead acetate on rabbit red blood cells 
in vitro. If BAL was added half or one hour 
after the lead acetate, the effect of BAL was small 
and consisted chiefly in preventing the full develop- 
ment of the effect of the lead, not of significantly 
reversing an established change in fragility. The 
rate of uptake of lead ions by red cells in vitro 
is fairly slow (Behrens and Pachur, 1927; 
Mortensen and Kellogg, 1944) in concentrations 
of the order of those used here, and, to judge 
from Mortensen and Kellogg’s data, corresponds 
quite closely with the development of the fragility 
change. The action of BAL therefore appears to 
be one of inactivating lead ions not yet taken up 
by cells, rather than of actual de-leading cells or 
altering the cell lead so as to prevent its fragility 
effect. There is certainly no reversal of poisoning 
comparable to that which occurs with arsenicals 
—e.g., of pyruvate oxidase by lewisite (Stocken 
and Thompson, 1946). Further experiments are 
being conducted to see what effect BAL has on the 
uptake of lead by red cells in vitro and in vivo. 

Plasma, like BAL, prevented the effect of lead 
acetate in vitro. However, the combination of 
BAL and plasma, particularly in the proportion of 
30-60 vg. BAL per ml. of plasma, was less effective 
than either alone, and a similar reduction in plasma 
anti-lead activity occurred in vivo after the injec- 
tion of large doses of BAL. How this happens 
is not known. It has been suggested that lead 
is taken up by plasma as inorganic phosphate 
(Aub and Reznikoff, 1924 ; Brooks, 1927), or as a 
double phosphate of lead and calcium (Bischoff - 
and Maxwell, 1928 ; Maxwell and Bischoff, 1929 ; 
Jowett, 1932), or as. an organic complex, probably 
with albumin (Teisinger, 1935) or citrate (Kety, 
1941). In the present experiments the altered 
plasma anti-lead activity, which presumably reflects 
the capacity of the plasma to combine with lead, 
was not related to changes in inorganic phosphate 
content. Beyond that the mechanism has not been 
studied. 

Interpretation of how BAL acts in vivo depends 
on the view taken of the mechanism of the lead 
anaemia (Cantarow and Trumper, 1944; Flury, 
1934). In the present experiments the initial 
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anaemia was clearly haemolytic, because of the 
rapidity of the fall and the appearance of haemo- 
globin in the urine. The tendency of the mean 
corpuscular haemoglobin concentration towards 
high values at this stage was probably an artefact 
due to the presence of haemoglobin in the plasma. 
The present observation that changes in fragility 
were most definite in rabbits with the severest 
anaemia is consistent with Aub, Fairhall, Minot, 
and Reznikoff’s hypothesis (1925) that the primary 
change is in the red cell. It does not follow that 
the anaemia of chronic plumbism has the same 
origin, and, in fact, the known changes in the bone 
marrow and the increased porphyrin excretion 
cannot be accounted for on this basis (Duesberg, 
1931; Flury, 1934) particularly as there is no 
evidence of abnormal conversion of circulating 
haemoglobin to coproporphyrin (Bjorkmann, 
1941 ; Kark and Meiklejohn, 1941). As increased 
coproporphyrin excretion occurred in the present 
experiments disturbances of blood formation as 
well as blood destruction were probably involved. 

In these circumstances the effects of BAL are 
unlikely to be simple. Clearly BAL prevents the 
acute haemolytic anaemia as long as BAL is avail- 
able in the circulation. This is comparable with 
its action in vitro and may be similarly attributed 
to prevention of the uptake of lead ions by red 
cells. Experiments now in progress on the effect 
of BAL on lead distribution in vivo have lent sup- 
port to this hypothesis. On the other hand, certain 
features of lead poisoning are enhanced, notably 
the coproporphyrin excretion and possibly the 
speed of the reticulocyte response. Both these 
effects can be produced by BAL alone, but the 
coproporphyrin output is considerably more than 
can be accounted for by simple addition of BAL 
and lead effects. 

The actions of BAL glucoside are on the whole 
similar, though the inefficacy of the glucoside 
given in a course comparable with that used in 
the BAL experiments is not immediately explic- 
able. Possibly this very water-soluble substance 
is excreted very rapidly. As the in vitro experi- 
ments with BAL suggest that the protection of red 
cells is mainly prophylactic, a sustained high con- 
centration of thiol at an early stage would be im- 
portant, and the shorter and more intensive course 
would be more likely to be effective. 

The number of rabbits used was too small for 
the mortality figures to be significant, though it 
is wofth noting that all the BAL glucoside treated 
rabbits survived. BAL treatment apparently did 
not save life, but there was no evidence that it 
increased the mortality as might have been 
expected, since the doses used were at the upper 


limit of tolerance and those of lead acetate were 
within lethal limits. These experiments differed 
from those of Braun et al. (1946) in that BAL was 
given in a shorter and more intensive course at an 
earlier stage of poisoning. The only observation 
made here which might relate to the increased 
mortality described by Braun et al. is that of the 
diminished plasma anti-lead activity. Assuming 
that this reflects a diminished affinity of the plasma 
for lead, it may account for larger amounts of 
lead being free to act at some more susceptible 
site. But there is no evidence as to what this site 
may be, or whether the effect has any relevance 
at all to the combined actions of lead and BAL. 
Unfortunately it is not known whether BAL 
glucoside has a similar action on the plasma. 
Experiments on this question have been prevented 
by lack of active preparations of the glucoside. 
The action of BAL in preventing the effects of 
acute intoxication with lead, and perhaps in pro- 
ducing some other fatal effect, and the prevention 
of poisoning by BAL glucoside are strongly 
reminiscent of their respective actions in cadmium 
poisoning (Gilman, Philips, Allen, and Koelle. 
1946) and suggest further work on such lines. The 
actions of BAL in chronic lead poisoning and 
with reference to the distribution of lead in the 
organism require further study. The available evi- 
dence does not warrant the use of BAL in clinical 
plumbism, but it would perhaps be premature to 
reject all dithiols as useless or dangerous. It is 
also possible that they will throw further light 
on the still poorly understood mechanisms of lead 
poisoning. 
SUMMARY 


1. In mice poisoned by repeated intraperitoneal 
injections of lead acetate the mortality was reduced 
slightly by BAL and _ significantly by BAL 
glucoside. 


2. In vitro BAL and BAL glucoside prevented 
the decrease in the fragility of washed erythrocytes 
due to lead acetate. If the lead was added much 
before the thiol, the effect of the lead was scarcely 
at all reversed. 


3. Mixtures of BAL and plasma in certain pro- 
portions, and plasma from rabbits injected with 
BAL, protected washed erythrocytes from the 
effect of lead acetate less than did equal amounts 
of BAL or plasma alone. 


4. In rabbits poisoned by a single dose of lead 
acetate given by stomach tube BAL and BAL 
glucoside each significantly decreased the subse- 
quent anaemia and increased the coproporphyrin- 
uria. The mortality was apparently unaffected by 
BAL, but was reduced by BAL glucoside: the 
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number of rabbits was too small for this difference 
in mortality to be significant. 
5. The significance of these findings is discussed. 


J am most grateful to Prof. J. H. Gaddum for his 
advice and encouragement. My best thanks are due 
to Prof. R. A. Peters and Prof. R. H. S. Thompson for 
two gifts of BAL; to Mr. J. R. P. O’Brien for a gift 
of a standard solution of coproporphyrin I and for 
much helpful instruction in the estimation of por- 
phyrins ; to Dr. Helen N. Duke for performing the 
oxygen capacity determinations by which the haemo- 
globin estimations were standardized; and to Miss 
Jean Tulloch and Miss Irene Munro for technical 
assistance and care of the rabbits. The expenses of 
the research were defrayed by the Medical Research 
Council, to whom I am also indebted for a personal 
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STUDIES IN THE CHEMOTHERAPY OF TUBERCULOSIS: 


PART I. 


SULPHONES 
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After the introduction of prontosil and sulphanil- 
amide for the treatment of streptococcal infections, 
much interest was taken in the use of sulphon- 
amides and 4: 4’-diaminodiphenylsulphone for the 
treatment of tuberculosis in guinea-pigs. For 
example, Rich and Follis (1938) showed that 
sulphanilamide exerted a striking effect (as judged 
by such criteria as spleen size, and distribution and 
extent of lesions) on such an infection, but it was 
not until four years later that Feldman, Hinshaw, 
and Moses (1942) using the N: N’-bis-sodium 
dextrosebisulphite derivative of 4:4’-diaminodi- 
phenylsulphone (promin) were able to demonstrate 
a definite difference in survival times between 
groups of treated and control animals. We had 
begun the work reported here on sulphones as 
possible antituberculqus drugs in 1942, and when 
the paper by Feldman et al. appeared we were 
encouraged to proceed further along these lines, 
But it seemed to us unlikely that improved drugs 
would be found among solubilized forms of 
4: 4’-diaminodiphenylsulphone of the type repre- 
sented by promin and diasone (which in all 
probability owe their activity to breakdown in vivo 
to the parent sulphone, with its known risk of 
serious toxicity), and it was our intention to 
examine sulphones of as widely differing chemical 
types as possible. No rapid and simple screening 
test for selecting compounds active in viva was 
available when the work started, and we were 
forced to rely upon an in vitro method, although 
the limitations of this approach were fully realized 
at the time. To anticipate the main conclusion of 
the present report, it may be said at once that when 
a convenient in vivo method became available 
(Martin, 1946) the determination of in vitro activity 
was shown to be a completely unreliable guide 
for the discovery of compounds with activity in 


vivo. This conclusion is in accordance with 


current opinion among other workers (see, e.g., 


Feldman and Hinshaw, 1945). 


EXPERIMENTAL METHODS 


In vitro—Each compound was finely ground with 
a small quantity of “ Dispersol OG ” and diluted with 


water to give a final concentration of drug of 1:100. - 


Further dilutions (1:300, 1:900, etc.) were prepared 
from this and 0.5 ml. of each dispersion added to 
4.5 ml. amounts of Long’s synthetic medium contain- 
ing 1.5 per cent of agar, to give final concentrations 
of compound as follows: 


Serialnumber of tube: ‘ 1, 2a 3, etc. 
Final concentration of 
compound : 1:1,000, 1:3,000, 1:9,000. 


The medium was allowed to solidify with the tubes 
slightly inclined, and each tube was sown with a 
small particle of a culture of the H37 strain of 
“human” tubercle bacilli on Lowenstein’s medium. 
Care was taken that all particles were as nearly as 
possible of the same size. Tubes were incubated in 
a moist atmosphere for 14 days at 37°C. and the 
degree of growth assessed by comparison with that 
in control tubes. The in vitro activities of the com- 
pounds in all the following tables are quoted as “ in 
vitro indices ” which were arrived at as follows: The 
serial number of the last tube in which no growth 
took place is recorded as the first figure of the index : 
the second figure of the index is the serial number of 
the first tube in which full growth occurred. The 
index “4/6” would therefore indicate that the com- 
pound in question completely inhibited growth (under 
the conditions described) in the fourth tube (i.e., at 
a concentration of 1:27,000) and had no inhibitory 
action whatever in the sixth tube (i.e., at a concentra- 
tion of 1:243,000). The majority of the compounds 
listed in the following tables were tested at least twice 
and the indices found to be reproducible. Similar 


limiting concentrations for complete inhibition of 
growth and complete absence of inhibition were 
found for a number of the more active compounds, 
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using Long’s liquid synthetic medium in which the 
organism was allowed to grow as a pellicle. 


In vivo.—Therapeutic tests were carried out on 
groups, each of 24 mice, infected intravenously with 
1 mg. of “human” tubercle bacilli (strain 905). 
Details of the method have been published (Martin, 
1946). The examination of each substance was pre- 
ceded by a chronic toxicity test extending over a 
period of three weeks. The mice were selected and 
randomized as described for the therapeutic test. Each 
compound was given at a range of doses using 12 
animals for each dose level, and each group was 
weighed at weekly intervals. The dose chosen for 
the therapeutic test was the highest which permitted 
normal growth, and on which the animals appeared to 
be in good condition. It was not always possible to 
choose this dose with full confidence, and in such 
cases one or more smaller doses were also given. 
Doses are quoted in the tables as mg. per 20 g. mouse, 
and were administered orally twice daily for five days 
and once on Saturdays. The first dose was given 
shortly before infection and dosing continued until 
the first specific death occurred in the control group— 
i.c., for about 14 days in most cases. In the tables 
of therapeutic results the column headed “ Increased 
mean survival time” gives the difference between the 
mean survival times of treated mice and untreated 
control animals. The column headed “ Increase 
required for significance” gives the time increase 
which would be necessary for statistical significance 
at the level P=0.05. If the figure in the first of these 
columns is positive and exceeds the value in the second 
column, the compound shows in vivo activity. Nega- 
tive values equal to or greater than the “required 
increase” indicate that the toxicity of the drug has 
had a significantly adverse effect on treated mice. 
Values of magnitude approaching that required for 
significance (positive or negative) may be expected 
to arise through the operation of small uncontrolled 
variables once in twenty times, although the com- 
pound has no influence on the infection. That the 
test will detect activity in vivo is shown by the results 
for 4:4’-diaminodiphenylsulphone (No. 371) and 2:4’- 
diamino - 5-thiazylphenylsulphone (No. 4879) (see 
Table XXIII. 

Blood level concentrations—Only those compounds 
carrying aromatic amino groups were estimated. De- 
tails of the method used in these laboratories, for the 
determination of blood concentrations after the oral 
administration of such compounds, have been de- 
scribed previously (Martin, Rose, and Bevan, 1943). 
The method is based upon diazotization and coupling 
to form an azo colour. 


RESULTS 


It had been observed that the activity in vitro 
of diphenylsulphone itself (index 1/5) was not 
greatly different from that of 4: 4’-diaminodi- 
phenylsulphone (index 2/5). It was therefore per 
missible for the purpose in hand to disregard the 


substituent amino groups of diaminodiphenyl- 
sulphone and attempt to find some combination of 
hydrocarbon residues which, united by the sul- 
phone linkage, would possess higher intrinsic 
activity. It was, of course, realized that such a 
compound would be unlikely as such to be effective 
in vivo and the next step envisaged was the intro-- 
duction of groups such as amino, methoxy, etc., 
which it was thought might confer appropriate 
pharmacological properties on the new parent 
sulphone structure. In Table II below are listed 
sulphones_ representing the various possible 
combinations of the groups phenyl, p-tolyl, 
4-diphenylyl, a- and £-naphthyl, cyclo-hexyl, and 
cyclo-pentyl. Highest activity seems here to be 
associated with hydrogenated cyclical nuclei, and 
further sulphones containing cyclo-alkyl and alkyl 
residues were tested. These are listed in Tables 
III, IV, V, and VI. The high indices shown by 
phenyl-, p-tolyl-, and p-n-butylpheriyl-alkylsul- 
phones (containing alkyl residues with 5 to 8 
carbon atoms) seemed sufficiently marked to war- 
rant the undertaking of the second part of the 
investigation, namely the introduction of further 
substituents into selected parent sulphones. From 
the Tables VII, VIII, X, XI, and XII it will be 
seen that the introduction of a single amino, 
alkoxy, or hydroxy group into the aromatic ring 
of such sulphones does not alter the in vitro index 
greatly. The £-diethylaminoethylamino group, 
however, reduces in vitro activity (Table IX), as 
does the presence of two methoxy groups (Table 
XII}. The presence of amino groups in some of 
these compounds made it possible to estimate them 
readily and the concentrations which were attained 
in the blood of mice after oral administration of 


TABLE I 


Blood concentrations attained after oral administration 
of maximum tolerated doses of various -amino- 
p-tolylalkylsulphones 


CH, SSO.R 














if 
NH, 
Blood concentrations 
Num- | Dose (mg./100 ml.) at time 
ber R | mg./20 g. after dosing 
| mouse 1 hr | 2hr. | 4hr 
3631 | methyl .. | 5 8.0 8.2 4.0 
3630 | n-propyl 5 . aS f ts 
3622 | n-amyl .. | 5 2.1 1.6 1.0 
2972 | n-heptyl. . | 3} @ | - a 
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maximum tolerated doses were measured. Those 
compounds which have small alkyl groups were 
well absorbed, though somewhat rapidly excreted. 
With increasing size of alkyl group, the maximum 


TABLE II 


(a) Phenylsulphones@ _»SOR 





Number R In vitro index 
1645 | phenyl ‘ er 1/5 
2651 | p-toly! “p as <1/6 
2653 | 4-diphenylyl - 1/3 
2692 a-naphthyl] .. 7” <1/6 
2693 6-naphthy! . . <1/4 
2763 | cyclopentyl 2/4 
2671 cyclohexyl .. 3/6 


(b) p-Tolylsulphones CH _SSO.R 


2599 p-tolyl ia <1/4 
2601 | 4-diphenylyl . <I/1 
2624 | x-naphthy!l . . ay <1/6 
2625 —|-G-naphthy! .. | <I/I 
2603 | cyclopentyl | 2/5 
2602 | cyclohexyl... | 3/6 
3113 4-methylcyclohexyl | 3/6 
| 


(c) 4-Diphenylylsulphones 2 » ~¢ ‘SSO.R 


2600 | 4-diphenyly! 


<1/4 
2626 | a-naphthy!l . . <1/5 
2620 | 8-naphthyl . . <I/l1 
2627 cyclopentyl 1/6 
2617 cyclohexyl .. <1/5 
ON /\s, 
(d) «- and -Naphthylsulphones || -+-SO.R 
V4 
2628 | (a) cyclopentyl .. | 2/>6 
2618 (a) cyclohexyl... | 3/56 
2621 | (8) cyclopentyl .. 3/8 
2619 | (8) cyclohexyl as | 3/>6 
(e) Di-cycloalkylsulphones € sor 
2747 ‘| cyclopentyl " | 2/5 
2723 | cyclohexyl .. oalre 2/ 


concentration reached in the blood decreased 
rapidly. This is illustrated for the m-amino-p- 
tolylalkylsulphones (Table I). 

While the work described above was in progress, 
attempts were also being made to obtain com- 
pounds more effective than 4: 4’-diaminodipheny]- 
sulphone by replacing the amino groups by other 
substituents. Attention was concentrated on these 
compounds (Tables XIV and XV) rather than on 
phenylalkylsulphones when it was realized that 
members of the aminophenylalkylsulphone series 
having an alkyl group large enough to confer high 
activity in vitro were so poorly absorbed that high 
activity in vivo was most unlikely. A further 
development of this aspect was the preparation of 
heteroarylphenylsulphones (Table X VJ), interest in 
which was first aroused by reports by Feldman, 
Hinshaw, and Mann (1944) on the activity of 


promizole (2: 4’-diamono-5-thiazylphenylsulphone, 


corresponding to our compound No. 4879) against 
a tuberculous infection in guinea-pigs. As a final 
variation the effect of replacing the sulphone link- 
age itself by other related linkages was examined. 
The linkages chosen were the sulphonic ester 
(-SO,O-) and sulphonamide (-SO,NH-) group- 
ings and compounds corresponding to both 
phenylalkyl- and diphenyl- sulphones_ were 
examined (Tables XVII to XXI). -Several of the 
phenylalkane and phenylbenzene sulphonates have 
very high in vitro indices, while those of the 
N-alkyl- and N-phenyl- benzenesulphonamides 
are about the same as those of the corresponding 
sulphones. 











TABLE IiIl 
Phenylalkylsulphones ¢ »S SO.R 
Number R | In vitro index 

2892 methyl <1/3 
2891 ethyl oP me <1/4 
2760 n-propyl .. 7 1/4 
2758 isopropyl .. - 1/4 
2845 n-butyl se 3/>6 
2846 isobutyl ae ore 2/5 
2842 l-methylpropyl ye 2/6 
2849 n-amyl oi * 4/7 
2952 isoamyl] a a 3/6 
2839 2-methylbutyl ” 3/6 
2843 n-hexyl af 5/9 
2860 4-methylamy] om 5/>8 
2672 n-heptyl .. cea 4/9 
2844 n-octyl *" ee 5/8 
2967 n-dodecyl .. wad <I/l 
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TABLE IV 
(a) p-Tolylalkylsulphones CH, g ‘Ss SO.R 
Number R In vitro index 

2988 | methyl =... | 1/3 
2759 n-propyl 2/5 
2764 | isopropyl 1/4 
3001 n-amyl 5/8 
2650 | n-heptyl : ae 5/>6 
2673 n-dodecyl .. ms <i/3 


(b) p-n-Butylphenylalkylsulphones n-C, He< _980, R 





3403 | methyl .. .. 2 2/8 

3404 | n-propyl 5/>8 

3405 | n-amy!l 6/>8 

3817 isoamy] 5/>8 

3406 | n-heptyl 2/8 
TABLE V 


JN 
a- and (-Naphthylalkylsulphones | || -+-SO.R 
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TABLE VIII 
p-Alkyl-m-aminophenylalkylsulphones re _ so,’ 
NH, 
| , | In vitro 
Number R | R inden 
3631 methyl _ methyl! | <1/5 
3630 | methyl | n-propyl 2/5 
3622 | methyl n-amyl 5/8 
2972 | methyl n-heptyl 4/7 
3558 | n-butyl | n-propyl 4/>8 
3664 | n-butyl | n-amy! | 4/8 
3889 n-butyl | isoamy! 5/8 
TABLE IX 


p--Diethylaminoethylaminophenylalkylsulphones 


(C.Hs)2N(CH,).NH< Ss SSO.R 























Number | R | In vitro index 
= | a 
2340 | (x) n-propyl | 3/>6 
2654 = n-heptyl | 2/>6 
2652 (2) n-heptyl 1/6 
| 
TABLE VI 
Dialkylsulphones R-SO,-R’ 
, | In vitro 
Number R R | sions 
2858 | cyclopentyl | n-heptyl 4/>8 
2762 | cyclohexyl | n-propyl 2/5 
2722 | cyclohexyl | n-heptyl 4/>6 
2761 | cyclohexyl | n-dodecyl <1/1 
2942 | n-heptyl | n-hepty! <1/>6 
TABLE VII 


p-Aminophenylalkylsulphones NH,@ SSO.R 


SS 








Number | R In vitro index 
RSS: aeons aki 
3134 methyl <1/3 
3373 n-propyl | 1/5 
5505 isopropyl 1/4 
1080 n-amyl . —— 2/6 
3808 isoamyl ex 1/4 
3914 2- methylbuty! 2/5 
3910 cyclopentyl 1/4 
3082 n-heptyl 4/6 











Number R | In vitro index 
3160 | methyl... ..|  <13 
3114 | n-amyl <1)3 
3110 | n-heptyl ” 2/5 

TABLE X 
CH 10. 7—~\ 
Anisylalkylsulphones ¢~ < Sso.R 
Position of | In vitro 
Number methoxy! R | index 
group | mm 
3717 | o ‘mettyt | 
3740 m methyl < 1/5 
3458 | p methyl } <1/4 
3718 | oO | n-propyl | 1/4 
3739 m | n-propyl 2/5 
3459 p | n-propyl 3/7 
3721 o n-amyl | 3/6 
3804 m n-amy] | 4/8 
3479 p n-amyl| | $/>8 
3938 p isoamyl 4/8 
3722 | o n-heptyl 4/7 
3209 p | n-heptyl 4/8 
TABLE XI 


p-Alkoxyphenylalkylsulphones RO SSO_R’ 





| In vitro 
Number | R | R fade 
3465 ; n- propyl | methyl 3/7 
3486 n-propyl | n-propyl 4/>8 
3520 | n-propyl n-amyl 4/>8 
3522 | n-amyl | n-amy] 4/>8 
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TABLE XII 


HOV, 
Hydroxyphenylalkylsulphones & YSO.R 





| 
| 


In vitro 

















Position of 
Number hydroxyl R index 
group 
3460 p | methyl 1/4 
3478 p | n-propyl 1/5 
3745 o | n-amy! 4/6 
3805 m | n-amy! 4/8 
3494 p | n-amyl 4/7 
TABLE XIII 


OCH; 


Dimethoxyphenylalkylsulphones ¢ S—SO.R 
CH, 





Positions of | | In vitro 





Number methoxy! R | index 
| groups 
Se La ans 
4031 | 2:4 | methyl <1/3 
4032 | 27$ | methyl <1/3 
4092 2:4 | n-propy! 1/3 
4093 2:5 | n-propyl “1/5 
3896 | 2:4 n-amy! 2/6 
3895 ao | a-amy!| 1/5 
| 
TABLE XIV 
a b 


4-Aminodiphenylsulphones NH:< > SO.< » 


Miscellaneous Diphenylsulphones < ps0: < > 
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TABLE XV 


a 


b 



































| 








Number | Substituent(s) in ring b In vitro index 
2269 | none aes 2/5 
2630 p’-methyl .. ah 1/5 
3385 p’-methoxy <1/4 
4577 p’-chloro od <1/7 
3521 p’-hydroxy .. a <1/6 
5405 p’-B-diethylamino- <1/4 

ethylamino 
3239 2: 4-dimethoxy <1/6 
3624 3: 5-dimethoxy .. <1/5 
4286 2:4-dihydroxy .. 4/7 
2790 2: 5-dihydroxy .. 2/4 
3686 3: 5-dihydroxy .. 2/6 
371 p’-amino .. i 2/5 











Num-| — Substituent(s) Substituent | Jn vitro 
ber | in ring a in ring 5 index 
3384 | o-amino p’-methoxy <1/4 
3535 | o-amino p’-hydroxy 1/6 
4326 | 3: 4-dimethoxy none 1/3 
3336 | p-methoxy p’-methoxy <1/4 
3236 | 2: 4-dimethoxy none <1/5 
3491 | 2: 4-dimethoxy | p’-methoxy | <1/5 
3335 | p-hydroxy | p’-hydroxy 3/6 
3402 | 2: 4-dihydroxy | none 3/6 
3537 | 2: 4-dihydroxy p’-hydroxy | 3/5 
3441 | 2: 4-dimethoxy p’-chloro | <1/4 
3551 | 2: 4-dihydroxy p’-chloro 3/8 
3433 p-chloro | p’-chloro <1/5 
| | 
TABLE XVI 
Heteroarylphenylsulphones R-SO,R’ 
| | 
Num- | ‘ In vitro 
ber | R | R index 
2719 | 8&-quinolyl! —_—| phenyl | <1/1 
2745 | 6-quinolyl phenyl | 3/6 
2695 | 8-quinolyl p-tolyl | <1/4 
2694 | 6-quinolyl _ | p-tolyl | <1/6 
4879 | 5-(2-aminothiazyl) | p-aminophenyl | 1/2 
5163 | 5-(2-aminothiazyl) | p-tolyl | <1/2 
5106 | 5-(2-amino-4- | p-aminophenyl ; 2/5 
methylthiazyl) | 
5445 | 5-(2-amino-4- | p-chlorophenyl | 3/6 
methylthiazyl) | 
| 
TABLE XVII 
Phenylalxanesulphonates R-SO,OR’ 
| R R’ | In vitro 
Number | index 
4033 methyl! p-anisyl 1/6 
4161 methyl p-hydroxyphenyl 1/5 
3723 | n-amyl m-anisyl 4/>8 
3744 | n-amyl | p-anisyl 5/>8 
3737 | n-amyl m-hydroxyphenyl 5/>8 
3783 | n-amyl | p-hydroxypheny! 5/>8 
3983 | isoamyl | p-hydroxypheny! 4/>8 
4088 | isoamyl | p-aminophenyl 4/8 


























! 


> i Be ee ee ee Oe ee ee ee 





CHEMOTHERAPY OF TUBERCULOSIS : 


TABLE XVIII 


Phenyl sulphanilates : 


p-Aminophenyl benzene- 

















, | 

Substituent Substituent In vitro 
Number in ring a in ring 5 | index 
3898 | p-amino none 1 + 2S 
3997 | p-amino | o’-amino 2/5 
4089 | p-amino | m’-amino | <1/4 
3998 | p-amino p’-amino | <1/5 
3616 | p-amino | p’-methoxy] | <1/3 
4409 | p-amino | m’-hydroxy 4/6 
4590 | p-amino | p’-hydroxy 3/5 
4587 | p-amino p’-chloro 4/6 
4090 | m-amino p’-amino |} <1/5 
4315 | o-amino | p’-amino | 3/5 
4144 | p-methoxy § p’-amino <1/4 
4197 | p-chloro | p’-amino 6/8 

| | 
TABLE XIX 


Miscellaneous Phenyl benzenesulphonates 


a 


b 


SoD 





| 
— we | Substituent | 


Substituent | In vitro 

















in ring a in ring b | index 
cesepniaciel memnenninninininniniaalpes aa 
4211 | none | m’-methoxy 4/7 
3233 | none | o’-hydroxy | 4/6 
4091 | m-amino | o’-amino | <1/5 
4314 | o-amino o’-amino | 3/7 
3617 | m-amino | o’-methoxy 1/6 
3899 | m-amino m’-methoxy | 3/7 
4099 | m-amino p’-methoxy 3/6 
4142 | p-methoxy | o’-amino | <1/7 
4143 | p-methoxy | m’-amino | 3/5 
3900 | p-methoxy | m’-methoxy 4/6 
3901 | p-chloro | m’-methoxy | 5/6 
TABLE XX ” 
N-Alkylbenzenesulphonamides R C Dsong a 
Num- | | In 
ber | R R’ | R’ vitro 
| index 
2831 | methyl | n-butyl | H | 3/6 
2985 | methyl | n-amyl H 4/7 
2984 | methyl | n-heptyl H 5/6 
2829 | methyl | ethyl | ethyl 3/6 
2827 | methyl | pentamethylene 2/>6 
2990 | methyl , n-amy! | methyl! | 4/7 
2836 | methyl | n-butyl n-propyl! 4/7 
2992 | methyl | n-hepty!] | methyl | 4/6 
4682 | methyl | diethylaminoethyl | ethyl |< 1/2 
4735 | amino | ethyl | ethyl | 1/4 
3241 amino | amyl H | 2/6 
4730 | amino | diethylaminoethy! ethyl |<1/1 
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TABLE XxXI 


Phenyl! benzenesulphonamides RC > SO.NH@ SR’ 








Number R R’ In vitro index 
2480 amino H < 1/4 
6419 H H 3/6 
6418 methyl H 3/7 
6420 H methyl <1/7 
6417 methyl methoxy 1/7 
6416 methyl chloro 4/8 














Turning to the results of therapeutic tests, 10 
new compounds were selected on the basis of high 
in vitro activity. 4: 4’-Diaminodiphefiylsulphone 
and No. 4879 (which corresponds to promizole) 
were also included. Before carrying out these 
tests, six of the compounds whose constitutions 
lent themselves to the method of analysis were 
given orally to mice at maximal doses and the 
blood concentrations determined (Table XXII). 


TABLE XXII 


Blood concentrations attained after oral administration 
of maximum tolerated doses to mice 














| , 
Blood concentrations (mg./ 
Number! 5° |. u, | 100 ml.) at time after dosing 
Table |mg./20 g. 

mouse 1 hr. 2 hr. 4 hr. 
371 | XIV 3 3.2 3.1 2.8 
4286 | XIV 5 12.2 4.5 0.9 
4879 | XVI 10 10.0 9.1 6.9 
5106 | XVI 5 9.1 10.0 7.5 
4197 | XVIII 8 2.0 1.5 1.5 
4409 | XVIII Y 6.9 3.6 t.4 

















We could not be sure that some of the remaining 
compounds were absorbed to any appreciable ° 
extent because no method of analysis was avail- 
able for them and mice tolerated, without gross 
toxic effects, relatively large doses. Certain others 
were definitely absorbed because small doses were 
toxic to mice, but we have no knowledge of the 
blood levels corresponding to these doses. The 
results of therapeutic tests are listed in Table 
XXIII. As would be expected, activity was found 
with 4: 4’-diaminodiphenylsulphone (No. 371) and 
with 2: 4’-diamino-5-thiazylphenylsulphone (No. 
4879). No activity was observed with any of the 
others. 
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TABLE XxIilI SUMMARY 
HERAPEUTIC TESTS IN MICE. ice i - : 
: infected ‘wether eee ite 1. The testing of a large number of sulphones 
and related sulphonates and sulphonamides against 
| Mycobacterium tuberculosis in vitro is recorded. 
See | Dose _ Increased Increase re- 
Number! Table | mg./20 g. | Mean sur- | quired for 2. Therapeutic tests in mice have shown that 
| | | vival time 'significance high in vitro activity does not necessarily lead to 
3938 | X 40 | 18 | 19 * activity in vivo. 
3983 | XVII 3.0 0.7 | 1.9 
2985 | XX 1.0 0.7) Chemical papers referring to the methods of pre- 
| 2.5 +0.3 1.15 paration of the compounds mentioned here (where 
| 5.0 0.6) these are not already well known) have appeared 
37] XIV. 10 rrr ieee — (Burton and Hoggarth, 1945 ; Hoggarth, 1947). Some 
. 20 a4 18 of the compounds listed were originally submitted by 
3.0 Hi of Dr. Burton, of the University of Leeds, for general 
4.0 4.25 1.7 antibacterial examination. Our thanks are due to on 
; — ne eee OO __~—sihim and also to Miss M. Scott of these laboratories 
4286 XIV 5.0 0 2.0 for help with the preparation of some of the larger gu 
- — -— —- ——— ——__._—————. samples required for the therapeutic tests. The to 
5405 | XIV 0.1 +0.3 16 statistical assessment of the therapeutic experiments ag 
0.25 0.3 was carried out by Dr. O. L. Davies, of our Statistical py 
4879 | XVI 2.5 | 2x4, | 418 oe “ 
5.0 | +2.2 | y * 
_ | _ te Riedl | 54 ‘ REFERENCES W 
5106 XVI Me | + = 18 Darien, 3. and Hoggarth, E. (1945). J. chem. Soc., (a) 14; pis 
—— — a ee ; ; Feldman, W. H., and Hinshaw, H. C. (1945). Amer. Rev. wi 
4197 | XVIII ry: o : Feldman, W. 7 ti H. C., and Mann, F. C. (1944). — 
: : ' Amer. Rev. Tuberc., 50, 418. ‘ 
3901 | XIX 10.0 0.5 1.5 Feldman, W. H. Hinshaw, H. C., and Moses, H. E. (1942). an 
4409 | XVIII 8.0 +0.9 1.5 A mer. Rev. "Tuberc., 45, 303. we 
prereapiamaaa Waele rag amen - — ~ Hoggarth, E. (1947). J. chem. Soc., (a) 110; (b) 114. , 
6416 | XxXI 1.0 } 0.1) Martin, A. R. (1946). J. Path. Bact., 58, 580. tio 
2.5 0.3 1.15 Martin, A. R., Rose, F. L., and Bevan, H. G. L. (1943). _/. dr 
5.0 ox { Pharmacol., 77, 127. 
Rich, A. R., and Follis, R. H. (1938). Johns Hopk. Hosp by 
Bull., 62, 77. the 
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Rich and Follis (1938) showed that sulphanil- 
amide had a retarding effect upon tuberculosis in 
guinea-pigs and later (1939) they were also able 
to demonstrate a slightly favourable response 
against “ bovine” tuberculosis in rabbits. Sulpha- 
pyridine had no significant effect in the latter 
experiments, though other workers—for example, 
Feldman and Hinshaw (1940)—have shown that 
this drug has some slight action on tuberculosis in 
guinea-pigs. A more favourable effect in guinea- 
pigs was obtained with sulphadiazine (though not 
with sulphapyridine or sulphathiazole) by Smith, 
Emmart, and Westfall (1942). In all experiments 
the observed therapeutic benefit has been slight 
and could be demonstrated only when the drugs 
were given at maximum tolerated doses. Examina- 
tion of a number of the commoner sulphonamide 
drugs in mice by the method previously described 
by one of us (Martin, 1946) is in agreement with 
these earlier results. We obtained a significant 
increase of survival time with the higher doses of 
sulphadiazine (No. 2052) and with the highest 
dose of No. 3536 (which corresponds to sulpha- 
merazine) but not with the other sulphonamide 
drugs used (Table II). 

Though none of these results is of practical 
importance, we were led to return to this group of 
compounds by the remarkable pharmacological 
properties of 2-sulphanilamido-4 : 6-dimethoxy- 
pyrimidine (No. 3445). The preparation of this 
compound and some homologues has been des- 
cribed by Rose and Tuey (1946) ; it was developed 
in these laboratories in the course of a search for 
improved sulphonamides for the treatment of non- 
tuberculous bacterial infections. It has been shown 
to be well absorbed, extremely persistent in the 
body and very efficient in the treatment of strepto- 
coccal infections in mice (Gage, Martin, Rose, 
Spinks, and Tuey, 1947). Jn vitro the drug 
No. 3445 had only a very feeble activity against 
Mycobacterium tuberculosis, as indicated by its 


1947) 


in vitro index < 1/6 (for description of our 
method of measuring in vitro act vity, see Hoggarth 
and Martin, 1948),-and failed to show any activity 
in mice. Our previous experience with sulphones 
led us to believe that the in vitro activity of drug 
No. 3445 might be raised by suitable modification 








TABLE I 
iad a 
4 
(a) NH.Z DSONHG 2 
——— \N = 
R 
Number R In vitro index 
3445 | methoxy ; 1/6 
3706 ethoxy Hi 
4583 n-propoxy 5/7 
4584 isopropoxy 4/8 
5105 n-butoxy 5/7 
5239 isobutoxy 6/8 
5033 l-methylpropoxy 4/7 
5066 methylthio 1/7 
NH: es N R’ 
6) % SxNHY » 
Nites a « \ N me 
R’ 
Position | In 
Num- | of amino | X R’ R’ | vitro 
group index 
3052 p SO, | methyl methoxy | < 1/1 
5162 p S| methoxy | methoxy | < 1/4 
4594 m SO, methoxy | methoxy| 2/6 





of its structure. Provided that the favourable 
pharmacological properties were retained, it was 
reasonable to expect activity in vivo. 

Examination of the in vitro indices for a series 
of 2-sulphanilamido’- 4 : 6 - dialkoxypyrimidines 
(Table I) shows that, as expected, the in vitre 
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activity increases with increasing size of the alkyl 
groups, at least as far as 4 carbon atoms. Prior 
to examination of these compounds in vivo, the 
blood levels attained in mice dosed orally with 
these new compounds were examined by our col- 
league Dr. Spinks (Spinks, 1947), who found that 
whilst the property of persisting in the blood stream 
was retained, the maximum concentrations which 
could be attained fell off with increasing molecular 
weight. With the butoxy compounds, the maximum 
blood level was so small that it seemed unnecessary 
to carry the synthetical work any further. The 
in vitro activity of 2-sulphanilamido-4 : 6-dimeth- 
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dose oftener than once daily with some of these 
compounds. Infection was carried out intra- 
venously, using 1 mg. of moist growth of “ human” 
tubercle bacillus from a culture on Lowenstein’s 
medium suspended in water. 


DISCUSSION OF RESULTS 


The therapeutic results show (Table III) that in 
vivo activity against Mycobacterium tuberculosis 
can be attained by compounds of the 2-sulphanil- 
amido-4 : 6-dialkoxypyrimidine class. Activity in 
this group seems to be limited by the same con- 






































TABLE II 
NH, ¢ SSO,NHR 
Ne== 
Dose | Increased! Increase 
Num- R (mg.per| mean | required 
ber 20 g. | survival | for signi- 
mouse) time ficance 
"2052 | 2-pyrimidy! ..| 10.0 | +3.9 1.9 
8.0 +2.9 1.7 
5.0 +1.3 7 
2.0 0 iF 
3536 | 2-(4-methyl- 8.0 +1.7 1.7 
pyrimidy]) 5.0 +0.5 1.7 
2.0 +1.2 1.7 
1968 | 2-(4: 6-dimethyl- 10.0 -1.0 1.8 
pyrimidy]) 2.5 —1.1 1.8 
2347 | 2-thiazyl .. | 10.0 1 1.5 
6131 | -CS.NH, | 10.0 | +05 11 
| 








oxypyrimidine (No. 3445) was not increased by 
replacing the methoxy groups by methylthio 
groups (No. 5066), by replacing one methoxy 
group by methyl (No. 3052), or by replacing the 
sulphonamide linkage (-SO,-NH-) by sulphen- 
amide (-S-NH-) (No. 5162), though by changing 
the position of the amino group a slight increase 
was noted (No. 4594). As this last change led to 
loss of power to persist in the blood (Spinks, 1947), 
it was not considered that any of these variations 
applied to compounds with larger alkoxy groups 
would result in increased activity in vivo. 

The tests summarized in the following tables 
were carried out as described in the preceding 
paper by Hoggarth and Martin (1948). Drugs 


were given orally, usually twice daily for five days 
and once on Saturdays, but the remarkable per- 
sistence of the 2-sulphanilamido-4: 6-dialkoxy- 
pyrimidines in the blood made it unnecessary to 














TABLE III 
wR 
NH,@  \SO,NH g S 
——— N = 
OR 
| | 
Dose | Increased | Increase 
Num- | R (mg. per; mean required 
ber 20 g. | survival | for signi- 
mouse) | time ficance 
3445 | methyl 5.0* | +1.1 14 
4583 | n-propyl 50* | +11 | 14. 
2.5* | —0.5 1.5 
2.5 +2.0 1.4 
4584 | isopropyl 75* | +111 14 
5.0* | +6.4 1.4 
4.0 +4.0 2.2 
2.5* | —1.5 1.5 
5105 | n-butyl | 50 | +01 | 13, 
5033 | I-methylpropyi_ | 5.0 412 | 14 
5239 | isobutyl 3.0 +10 | 1.3 














*Dosed once daily only. 


siderations as were found to be operative with the 
sulphones (Hoggarth and Martin, 1948)—namely, 
that substituents sufficiently large to confer high 
activity in vitro result in such poor absorption that 
activity in vivo cannot be expected. This is cer- 
tainly the explanation, at least in part, of the 
activity of the n-propoxy and isopropoxy com- 
pounds (Nos. 4583 and 4584) on the one hand, 
and the absence of activity in all the butoxy com- 
pounds (Nos. 5105, 5239, and 5033) on the other, 
although all show about the same high activity 
in vitro (Table 1). 

Our interest in 2-sulphanilamido-4 : 6-di-iso- 
propoxypyrimidine (No. 4584), which produced a 
very striking increase in mean survival time at the 
optimal dose, was lessened by the observation that 
this beneficial effect is almost lost when dosing 
(which normally begins just before infection) was 
delayed by so little as 24 hours. With other un- 
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related compounds (to be reported) we have shown 
a definite prolongation of life of treated animals 
even when dosing was delayed for as long as 7 
days. The anti-tuberculous activity of No. 4584 is 
therefore of no practical significance. 


SUMMARY 


1. The activity of a series of 2-sulphanilamido- 
4:6-dialkoxyprimidines and some closely related 
compounds against Mycobacterium tuberculosis in 
vitro has been studied. In the former group 
activity in vitro increases with increasing size of 
the alkoxy groups. 

2. The therapeutic action of certain of these 
compounds in mice infected with Mycobacterium 
tuberculosis was examined. The di-n-propoxy 
and di-isopropoxy compounds produced a signifi- 
cant increase in the mean survival time of groups 


of mice treated with them when the drug was given 
both before and after the mice were infected. 
When drug treatment was delayed for 24 hours, no 
therapeutic effect was demonstrated. 

3. The higher members of the series were very 
poorly absorbed and failed to show any oo 
action. 
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When we first established our method for exam- 
ining the antituberculous activity of compounds in 
mice (Martin, 1946), work in these laboratories 
which subsequently led to the development of the 
drug paludrine made available to us a number of 
new types of compounds showing marked anti- 
malarial activity. We examined these by the new 
procedure, with the result that promising activity 
was obtained with certain compounds. The princi- 
pal stages in the chemical investigations which led 
ultimately to the discovery of antimalarial activity 
in N! - p - chlorophenyl-N° - isopropylbiguanide 
(“ paludrine ”) have been described by Curd and 
Rose (1946), and are indicated in Table I below, 
which also shows the compounds in which anti- 
tuberculous activity has been found. 


‘ 


ANTIMALARIAL COMPOUNDS 


BY 
E. HOGGARTH AND A. R. MARTIN 


From Imperial Chemical Industries Limited, Hexagon House, Blackley, Manchester, 9 


1947) 


RESULTS 

Therapeutic tests against Mycobacterium tuber- 
culosis in mice have been carried out on each of 
the main classes of compounds and the results are 
listed below (Tables II, III, IV). We also thought 
it proper to examine other well-known antimalarial 
drugs; no activity was found with quinine or 
mepacrine at doses of 0.5, 1.0, or 2.0 mg. per 20 g. 
mouse, nor with pamaquin at doses of 0.05, 0.1, or 
0.2 mg. per 20 g. mouse. The test method was that 
previously described (Martin, 1946). Briefly, this 
consisted in the infection of mice by the intra- 
venous route and their treatment by drugs admin- 
istered twice daily by syringe and catheter at doses 
ranging downwards from the maximum tolerated. 
The results are presented in the form used in 


TABLE I 





Type of compound 


Activity : 





Antimalarial ‘Antituberculous 


Representative compound 














2-arylamino-4-dialkylaminoalkyl- Ce ae 
amino-6-methylpyrimidines active active Cl <- Dee S 
| i N={H(CH,),NEt, 
No. 2666 (2HCl) 
ae / , N CH; 
amino-6-methy|pyrimidines more ps , eX 
active inactive ag _ ee, = 
NH NH(CH,),.NEt 
No. 3349 (2HCl) 
N?-aryl-N®°-alkylbiguanides very amrN 
_ ini av — NH.C.NH.CNHPY 
NH NH 
No. 4888 (CH,;CO,H) 
(“‘paludrine’’) 
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TABLE II 


Therapeutic tests on 2-arylamino-4-dialkylaminoalkylamino-6-methylpyrimidines given orally to mice 
infected with Mycobacterium tuberculosis. Doses given twice daily, as dihydrochlorides 












































N CH; 
Ar.NH@ S 
N=NHR 
Increased mean | Increase required 
No. | Ar R _ ~— survival time for significance 
| 8. (days) (days) 
2666 | _p-chlorophenyl 8-diethylaminoethyl .. 1.0 +2.3 1.6 
3711 p-chloropheny!] y-dimethylaminopropy! 0.5 0 aa 
1.0 +2.2 1.7 
1.5 +2.0 . 
2.0 | +1.7 
3299 p-chloropheny! y-diethylaminopropy! 7 = 0.5 5 il +2.6 \ * vee 
1.0 +3.2 ae 
- OL. ee =| 
| 1.5 +33 17 
3300 | p-chlorophenyl |  8-diethylamino- CC -_. 15.5 1.6 
| a-methylbuty! eo - ———-—.|-—__ woes 
1.5 +4.2 17 
| 2.0 +4.2 ; 
3502 |  6-bromo-2- 8-diethylaminoethyl .. | 1.0 | 15.5 
| naphthyl | 1.5 +4.0 1.4 
| | | 2.0 +2.4 
nat ee niinecmicellnalimctiests senaieintoimi 
1.0 $3.9 
| 2.0 +3.4 1.7 
| | 4.0 +0.4 














TABLE Ill 


Therapeutic tests on 2-arylguanidino-4-dialkylaminoalkylamino-6-methylpyrimidines given orally to mice 
infected with Mycobacterium tuberculosis. Doses given twice daily, as dihydrochlorides 


























N CH; 
Ar.NH.C.NH@ S 
la NHR 

| | Increased mean | Increase requi 

quired 
No. | Ar | R | cps yon hay survival time for significance 

| 208. (days) (days) 
eS ee . Se nitieoheiniaieaiila — seaeicaineels 
3349 p-chlorophenyl 6-diethylaminoethyl .. | 1.0 | 2.1 1.8 

| 2.0 0.6 , 
3672 p-chloropheny!| y-diethylaminopropy! 0.1 | 0.4 

| | 0.5 | 0 1.7 

{ ° ‘ 

| 1.0 | —0.9 
4926 |  6-bromo-2- _| 8-diethylaminoethyl 0.25 | 0.7 7 

naphthyl | 0.5 1.2 
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TABLE IV 


Therapeutic tests on N'-aryl-N®°-alkylbiguanides (and related compounds) given orally to mice infected 
with Mycobacterium tuberculosis. Doses given twice daily, No. 4967 as base, No. 4095 as sulphate, No. 5114 
as carbonate, and the rest as acetates 


Ce a 






























































R’ 
ha hie 
| Increased mean | Increase required 
No. | R R’ — ponte survival time | for significance 
” (days) (days) 
~ 4967 ethyl ts x 7 0.025 —0.2 1.6 
4887. | n-propyl.. .. | H 0.1 —0.2 
0.05 —0.4 1.4 
4888 | isopropyl! —.. | H 0.1 +0.9 1.3 
0.25 —0.7 2.2 
4565 |nbutyl ..  .. | H 0.5 ~0.1 1.5 
4430 n-propyl .. methyl! 0.25 +0.5 13 
1.0 +0.2 
4095 | n-butyl .. n-buty! 1.0 +0.6 < 
0.5 +0.3 : 
5114 | 8-diethylamino- | H é 1.0 +0.3 ai 
a-methylbuty! | 1.0 +0.8 : 
preceding papers of this series (e.g., Hoggarth and TABLE V 
Martin, 1948). Further therapeutic tests on compounds Nos. 3300 
It was of interest to see how far the therapeutic and 3502 
effects of the new drugs shown in Table II were 
dependent upon the method of examination. The | Dose | “Ye | ee 
high activities of compounds Nos. 3300 and 3502 No, | ™8:| Schedule of dosing | survival ae de 
made them suitable for this purpose. It was pos- 208. | time | nificance 
sible to demonstrate a therapeutic effect with both |_ aye) (Gays) — 
of these compounds when certain modified dose 3502 | 2.0 | (ji) twice daily for first | 
schedules, as shown in Table V, were adopted. (i) Pa or 18 } 41 - 
It will be seen that compound No. 3300 exerted days) .. ae , 


a slight but definite therapeutic effect when dosing 
was begun one week after infection, showing that 
the drug was having an inhibitory effect even on 
established tuberculous disease. The absence of 
therapeutic effect with a single dose of drug given 
either immediately before, or 24 hours after, infec- 
tion is important, since it shows that the drug is 
not merely killing freshly introduced organisms, 
but is exerting an effect upon them while they 
multiply in the tissues. 

As a further modification of the usual procedure, 
compound No. 3300 was given mixed with the 
food. The drug was mixed with the powdered 
food, weighed quantities of which were offered to 
the mice in special containers designed to minimize 
loss. The consumption of the drug was estimated 





(i) one dose only be- | 
fore infection | +0.8 
| (ii) one dose only 24 | 
hours after in- | 
fection. | —0.1 
(iii) twice daily for first | 
54 days after in- | 
fection. +3.4 1.4 
(iv) twice daily from 8 | 
to 134 days after | 


3300 | 1.0 








infection +1.8 
(v)as usual (for 16 
days) .. bc | +3.5 





by weighing the residual food at daily intervals. 
The figure given in the “ dose ” column of Table VI 
(referring to experiments in which the drug was 
given by this method) is the estimated average daily 
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intake. The drug was given to other mice by 
syringe and catheter as usual for comparison. 
During week-ends when dosing by syringe was 
suspended, the drug-diet was replaced by plain 
food. 


TABLE VI 


Further examination of compound No. 3300. Com- 

parison of the effect of oral dosing with the admini- 

stration of the drug in the diet. Treatment given for 
the first 16 days 











| J sed 2 
Method | Increasec Increase 
Dose of mean required 
mg. per adminis- | —e for signifi- 
. tration ime cance 
(days) (days) 
a Sen = | pena 
0.5 +0.7 | 
1.0 food | +3.2 | 
2.0 ee +5.6 | 
3.0 (perday) ; 448 | 
_ 7 ——_______—__| 1.6 
| | 7 
0.5 | by syringe +0.8 
1.0 and Tis 
2.0 | catheter | +4.4 
3.0 | (twice daily) +4.8 
| 





DISCUSSION 


Previous investigations of the chemotherapeutic 
activity of synthetic substances in tuberculosis have 
been almost all concerned with compounds of the 
sulphone-sulphonamide types. The only excep- 
tions of which we are aware are p-aminosalicylic 
acid (Feldman, Karlson, and Hinshaw, 1947) and 
certain naphthoquinones (Alcalay, 1947). Atten- 


tion was first drawn to the compounds reported 
here because of their antimalarial activity, but it is 
clear that the two types of therapeutic action are 
not co-extensive. Furthermore, even in the group 


of compounds showing both antituberculous and 
antimalarial activity, the compounds are placed in 
a different order of activity by the in vivo test 
against Mycobacterium tuberculosis in mice and 
the antimalarial test with Plasmodium gallinaceum 
in chicks (Curd, Davey, and Rose, 1945 ; Curd and 
Rose, 1946a). Thus, whereas No. 3300 is more 
active than No. 2666 in the antituberculous test, 
the reverse is the case in the antimalarial test. The 
influence of chemical structure upon therapeutic 
activity in compounds related to No. 3300 will 
form the subject of a future communication. 


SUMMARY 


Antituberculous activity in mice has been 
demonstrated with a new group of compounds 
(2-arylamino-4-dialk ylaminoalkylamino - 6-methy]l- 
pyrimidines), some members of which are active 
as antimalarial drugs. No activity was found with 
the other antimalarial drugs tested. 


Most of the compounds mentioned in this report 
were prepared by the team of chemists working under 
the direction of Drs. F. H. S. Curd and F. L. Rose, 
to whom we wish to express: our thanks. 
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We have already reported (Hoggarth and Martin, 
1948) that members of a certain class of anti- 
malarial compounds (2-arylamino-4-aminoalkyl- 
amino-6-methylpyrimidines) show antituberculous 
activity in mice. -When examined by the standard- 
ized procedure used throughout this series of 
investigations (Martin, 1946) the compound 
showing most promise was 2-p-chloroanilino-4-6- 
diethylamino-a-methylbutylamino - 6 - methylpyri- 
midine scenes (No. 3300). 


“ » mie 


hu. CH(CH,);NEt,.2HCI 


CH; 
No. 3300 


We have examined the relationship between 
antituberculous activity and chemical constitution 
among a group of compounds related to the drug 
No. 3300 and present here a summary of the main 
conclusions which have emerged after a study of 
110 such compounds. The chemical formula of 
compound No. 3300 may be generalized as shown 
below, and we have prepared variants changing 
each portion of the general structure in turn. 


(\)_ CHA) 
(2)Ar. NH¢ ‘So 
3) NHR() 
(Ar = an aryl residue, R = an aliphatic residue 
usually containing another basic centre.) 


RESULTS 


The test method consisted of the infection of 
mice by the intravenous route, and their treatment 
by drugs administered orally, twice daily by syringe 
and catheter at doses ranging downwards from the 


maximum tolerated. The results are presented in 
the form used in preceding papers of this series. 
i. Variation of aryl residue (Ar).—Retaining the 
4-5-diethylamino-«-methylbutylamino - 6 - methyl- 
pyrimidine portion of the compound No. 3300, the 
arylamino residues listed in Table I were substi- 
tuted for the p-chloroanilino group. In compound 
No. 3656 the aryl nucleus was omitted altogether. 


TABLE I 


Therapeutic tests on some 4-6-diethylamino-a-methyl- 

butylamino-6-methylpyrimidines containing an aryl- 

amino group (or in one case an amino group) in 

position 2. Doses given orally twice daily by syringe 
and catheter. 


Compounds of the form: 
































N CH; 
Ar.NHZ@ ‘ 
~~NH.CH(CH,);NEt,.2HCI 
H; 
| Increase 
Dose | Increased) required 
(mg. mean for 
No. | Ar per | survival | signifi- 
20 g. time cance 
mouse)| (days) (days) 
5753 _p-fluorophenyl 1.0 +1.6 1.4 
5207 p-bromophenyl 1.0 +3.9 1.4 
1.0 +4.1 1.3 
5499 | p-iodopheny! .. 0.5 +2.2 13 
| 10 | +3.2 ; 
5161 | m-chloropheny! 05; Oo | 
1.0 +0.2 |> I. 
| 2.0 | +04 IJ 
mai — 
5164 | o-chlorophenyl. . 1.0 g ” : Ly 
| 2.0 , f 
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TABLE I (continued) 






























































Increase 
Dose | Increased | required 
(mg. mean for 
No. | Ar per survival | signifi- 
| 20g. | time cance 
|mouse)| (days) (days) 
5210 | 3: 4-dichloro- 
phenyl ei 1.0 +3.0 1.6 
5414 | 2: 5-dichloro- _ 
phenyl - 1.0 —0.8 1.3 
5588 | 3: 5-dichloro- a 
phenyl 1.0 + 1.1 17 
2.0 +3.7 
5500 | 3:4: 5-trichloro- | ane 
phenyl ea 1.0 +2.0 1.3 
$211 | p-anisyl {| 30 | +20 | 1.6 
5214 | o-anisyl aa 3.0 +0.1 1.6 
5548 | ptoly!.. ..| 05 | +32 Yas _ 
1.0 +5.6 ; 
10 | +26 |V 
2.0 | +3.3 \ 1.6 
5560 | m-tolyl .. 2.0 +2.6 13 
5828*| p-sulphonamido- 
phenyl 10.0 +0.3 1.4 
6259 | p-dimethylamino-| 0.25 | —0.9 |) 
phenyl ; 0.5 +0.5 1.1 
1.0 | +0.7 
4977 | 6-bromo-2-naph- | 0.25 | +1.2 | 1.3 
thy! .. =... | OS | +18 | 
3656*| amino .. .. | 1.0 | 05 16 
| | 2.0 | 0 





*Administered as free base and not as dihydrochloride. 


li. Variation in the aliphatic residue (R).— 
Retaining the 2-p-chloroanilino-6-methylpyrimidine 
portion of the molecule of No. 3300, the 6-di- 
ethylamino-«-methylbutylamino group of this drug 
was replaced by a number of aminoalkylamino 
residues and also by a number of simple amino 
and hydrazino groupings. A number of such vari- 
ations are shown in Table II. 


ili. Simultaneous variation of the aryl residue 
(Ar) and the aliphatic residue (R).—Nine com- 
pounds having both these groups different from 
those in No. 3300 were examined. The substituent 
groups were those which appeared most favourable 
from the results summarized in Tables I and II. 
No compound of outstanding activity was found, 


and the range of activity was within that shown by 
compounds given in Tables I and II. These results 
are therefore not reported in detail. 


TABLE II 
Therapeutic tests on some 2-p-chloroanilino-6-methyl- 
pyrimidines containing an aminoalkylamino or amino 
or hydrazino residue in position 4. Doses given orally 
twice daily by syringe and catheter. 


Compounds of the form: 
























































oC ng 
N=NRR’.2HCI 
| In- Increase 
Dose | creased | required 
4 (mg. mean for 
No | R R’ per | survival| signifi- 
| 20 g. time cance 
mouse)}| (days) (days) 
4874*| f-aminoethyll H | 1.0 | —05 |\ 14 
2.0 +1.6 : 
3671 | y-butylamino| H | 0.5 | +03 |\ 4¢ 
propyl 1.0 +1.6 
3557 | y-piperidino-| H | 0.1 | —0.6 
| propyl 0.25 4-0.8 ® 
0.5 +2.2 
0.5 +2.7 
10 | +4.2 } 1.8 
5718 | y-diethyl- H | 10 | +21 | 14 
amino-«- 
methylpropy! | 
6112 | y-piperidino-| H | 0.25 | +09 \ - 
«-methyl- | 0.5 | +1.4 . 
propy! | | 
—_——— mereaead Gael {——— ——_—|_ [Ooo " 
6330 | 2-N-morpho-| H | 0.5 | +1.8 
lino-methyl | 10 | +3.6 1.8 
cvclohexy| | 2.0 +2.9 
5556 | y-diethyl | H | 05 | +08) 13 
| amino-«: B-) 10 | +1.6 | 1.8 
| dimethyl- | | 
propyl | 
6306 | §-diethyl- |methyll 0.05 | +03 1) 18 
amino-«- 0.1 | +0.5 If 
methylbuty! | 
aiedatel one a ae eee 
5007* methyl .. |methyl| 0.5 | 4 ; 7 
| | 1 1.0 | +11 | 
ne’ ST eae ————$ — { — —_——- 
4456*| hydrazino H 1.0 12) 1.4 
DN — —— —_ --——| ———————— 
4453*|3 :3’-dimethyl-| H 0.5 | O \ 15 
| hydrazino | | 1.0 | —-0.6 | : 


| ' ' 





*Administered as free base and not as dihydrcchloride. 
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iv. Additional substituents in position 5 of the 
pyrimidine nucleus.—Position 5 of the pyrimidine 
nucleus of compound No. 3300 is unsubstituted, 
and an examination was made of the effect of in- 
troducing aliphatic residues such as methyl, ethyl, 
and isopropyl, halogen atoms such as bromine, and 
nitro or amino groups in this position. All com- 
pounds so substituted, except that in which the new 
group was methyl, were completely lacking in 
activity, as were seven other compounds carrying 
one or other of these substituents in position 5, but 
derived from other active compounds of Tables 
I and II. The activity of the compound No. 5671, 
2 - p - chloroanilino-4- § -diethylamino - « - methyl- 
butylamino-5 : 6-dimethylpyrimidine, was equal to 
or better than No. 3300. 

v. Positional isomerism.—Two series of posi- 
tional isomers are known. Some members of the 
4-arylamino - 2 - aminoalkylamino - 6 - methylpyri- 
midine series exhibit a degree of antimalarial 
activity at least equal to that found in the parent 
series (Curd, Davis, Owen, Rose, and Tuey, 1946) 
whereas the 4 - arylamino - 6 - aminoalkylamino-2- 
methylpyrimidine compounds are all inactive 
(Basford, Curd, and Rose, 1946). These two 


isomeric types may be represented by the 
gene {ized formulae below. 
n_CH;(6) NH.R(6) 
\ N 
(2)R.NH S (CH; SN 
N=NH.Ar(4) N=NH.Ar(4) 
4:2:6 type 4: 6:2 type 


(Ar=an aryl residue, R=an aliphatic residue 
usually containing another basic centre.) 

We have examined 24 compounds derived from 
these two series, which were prepared with those 
arylamino and aminoalkylamino residues which 
previous results had shown to be most likely to 
give active compounds. Certain examples had a 
methyl substituent as an additional “ favourable ” 
group in position 5. These results are not given in 
detail, for although activity was found in both series 
(in the 4:6:2 series, only with a methyl group 
in position 5) it was in all instances of a low order. 
Neither of the isomers of No. 3300 and only one 
of those of No. 5671 showed activity. 

vi. Replacement of the imino linkage uniting 
aryl and pyrimidyl nuclei by a sulphur or an 
oxygen atom.—The effect of this change, which has 
been shown to result in diminished but still de- 
tectable antimalarial activity in the 2-arylamino- 
4-aminoalkylamino-6-methylpyrimidines and their 
4:2:6 isomers (Curd, Davis, Hoggarth, and Rose, 
1947), has been investigated in all three isomeric 
series. No activity whatever was found in the 


seventeen examples of ethers and _ thioethers 
examined. 


DISCUSSION 


The aim of the work summarized here was the 
discovery of a compound of the diaminomethyl- 
pyrimidine class with greater antituberculous 
activity than that possessed by compound No. 
3300. This aim has not been realized, and it would 
appear that in compound No. 3300 itself and a 
number of closely related compounds we have 
reached the maximum activity possible in this par- 
ticular chemical group. It is noteworthy that the 
essential structural requirements for antitubercu- 
lous activity in vivo are similar to, but not identical 
with, those necessary for antimalarial activity. For 
antituberculous activity in mice the diaminomethyl- 
pyrimidine nucleus must have one amino group 
substituted by an aryl residue preferably containing 
a para substituent (though some meta substituents 
confer activity), and the other by a basic alkyl 
residue, the new basic centre being separated from 
the imino linkage by a chain of carbon atoms. Of 
the extra, substituents which have been tried in 
position 5 of the pyrimidyl ring, all except methyl 
have an unfavourable effect. These requirements 
correspond to what has been found necessary for 
activity against Plasmodium gallinaceum in chicks 
(Curd and Rose, 1946; Curd, Richardson, and 
Rose, 1946), except that no member of the 4- 
arylamino-6-aminoalkylamino - 2 - methylpyrimi- 
dine series has shown antimalarial activity. A low 
degree of antimalarial activity is retained in the 
4-arylamino-2-aminoalkylamino- 6 -methylpyrimi- 
dines when the imino link uniting the aryl and 
pyrimidyl nuclei is replaced by oxygen or sulphur ; 
this change in all three isomeric series abolishes 
antituberculous activity. 


SUMMARY 


More than one hundred diaminomethylpyri- 
midines and related compounds have been 
examined for antituberculous activity in mice. The 
relationship between activity and chemical consti- 
tution is discussed. 
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THE INSTABILITY OF STILBAMIDINE 


BY 


A. J. HENRY 


From the Wellcome Chemical Laboratories, Sudan Medical Service, Khartoum 


(Received September 25, 1947) 


The recent simultaneous appearance of two 
publications, by Fulton and Goodwin (1946), and 
by Henry (1946), dealing with the photochemical 
instability of cis- and trans-stilbamidine in solu- 
tion shows the existence of considerable diverg- 
ence of opinion regarding the exact nature of the 
changes which occur. Barber, Slack, and Wien 
(1943) suggested that saturation of the ethylenic 
linkage of trans-stilbamidine on irradiation was 
due to addition of water at the double bond with 
carbinol formation. Henry (1946) showed that 
this suggestion was inadmissible, and his evidence 
was strongly in favour of dimerization with 
formation of a derivative of cyclobutane. This 
interpretation of the nature of the saturated 
irradiation product has recently been confirmed 
by Fulton and Dunitz (1947) by x-ray analysis and 
will therefore be assumed throughout the present 
communication. 

Fulton and Goodwin (1946) were able to show 
the partial conversion of cis-stilbamidine into 
trans-stilbamidine on irradiation, and also deduced 
that cis-stilbamidine is not converted directly into 
the saturated product. On these points they and 
the present author are in complete agreement. On 
the other hand they were unable to find any evi- 
dence for the reverse trans cis change, whereas 
the present author found that partial conversion 
of trans-stilbamidine to cis-stilbamidine occurred 
over a wide range of concentrations and tempera- 
tures, equilibrium between the two forms being 
ultimately established under all conditions used. 
The value of the ratio dimer/cis-stilbamidine 
produced in the early stage of irradiation is deter- 
mined by concentration and temperature; low 
temperature is favourable to dimer formation, 
which explains Fulton’s (1943) finding that greater 
toxicity developed on irradiation at winter 
temperatures than at summer ‘temperatures. 
Furthermore, no evidence was found for the 
“ stabilization” of trans-stilbamidine in dilute 
solution which Fulton and Goodwin (1946) postu- 
lated in order to explain some of their results at 


low initial concentrations of cis-stilbamidine. At 
low concentrations, equilibrium between the cis- 
and trans-forms is rapidly established, and the 
equilibrium concentration of the trans-form is 
such that its rate-of dimerization is very slow in 
comparison with its rate of reconversion to the 
cis-form, since the latter reaction is unimolecular 
whereas the former is bimolecular ; this is doubt- 
less the explanation of the apparent “ stabiliza- 
tion” of the trans-stilbamidine. Their failure to 
obtain precipitation of trans-stilbamidine sulphate 
on irradiation of 0.05 per cent solutions of cis- 
stilbamidine sulphate is in agreement with the 
present author’s finding that, at low concentra- 
tions, precipitation of trans-stilbamidine sulphate 
is not complete even in presence of a large excess 
of sodium sulphate, and consequently the normal 
bromometric method of analysis of mixtures of 
the two isomers fails to give reliable results in 
dilute solution. With the fluorescence-adsorption 
technique of Henry and Grindley (1942) no diffi- 
culty was experienced in demonstrating the com- 
plete reversibility of the cis—trans change at low 
concentrations, and it was in fact this property 
which was used to identify cis-stilbamidine as one 
of the irradiation products. 


Fulton and Goodwin (1946) state that “It is very 
probable that the formation of the ‘saturated’ pro- 
duct by irradiating aqueous solutions of trans- 
stilbamidine is due to collision between activated” 
trans- molecules. The high absorption coefficient of 
this compound indicates that a large proportion of 
the molecules present in an irradiated solution may 
be activated.” In the first place, it is probably un- 
usual for the mean life of a photochemically activated 
molecule to exceed 10~’ sec., so that there is little 
opportunity for any significant accumulation of acti- 
vated molecules in the solution to occur. Secondly, 
if the saturated irradiation product arises as the result 
of carbinol formation it is difficult to see why colli- 
sion of two activated molecules should be necessary. 
Even with dimer formation it is not necessary to make 
this assumption, as the energy of photochemical 
activation of a single molecule corresponding to the 
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wavelength of maximum absorption (329 mp; 88,000 
cals. per gram —mol.) is sufficient to bring about any 
ordinary chemical reaction which is likely to occur. 


Hydrolysis of the amidine groups of stilbamidine 
was early found to be a dark reaction (Henry, 
1945), and the nature of the first hydrolysis pro- 
duct, trans-4-amido-4’-amidinostilbene hydro- 
chloride, was clearly stated. Recent examination 
of solutions of stilbamidine which had been 
stored for three years under various conditions 
shows that the factors upon which the rate of 
hydrolysis of the amidine groups primarily depends 
are the pH of the solution and the temperature. 
Exposure to light appears not to be of primary 
importance, but may influence the final results 
through conversion of the trans-stilbamidme to 
other compounds which may show different sus- 
ceptibility to hydrolysis and produce hydrolysis 
products too soluble to be precipitated. A pH of 
5 suppresses hydrolysis almost indefinitely. Unless 
the solutions used by Fulton and Goodwin (1946) 
were alkaline no significant degree of hydrolysis 
would be expected during their periods of insola- 
tion, particularly at the prevailing temperatures in 
Britain, and no crystallization would be expected 


even on prolonged exposure as substantial con- 
version of trans-stilbamidine to other products 
would have occurred in the early stages. Storage 
in the dark, at 40° C., of a one per cent solution 
of the hydrochloride at pH 7 will almost certainly 
produce a good crop of crystals of trans-4- 
amido-4’-amidinostilbene hydrochloride within 
three months. It may be added that experience 
here indicates that the method which they em- 
ployed for detecting hydrolysis would be unsatis- 
factory for estimation of the extent of hydrolysis, 
as at low temperatures ammonia is difficult to 
aspirate completely, while elevation of the tem- 
perature is, under the necessary alkaline conditions 
—even with borax—liable to result in hydrolysis 
of the amidine groups. The only satisfactory 
method which has been found of estimating 
ammonium ion in presence of the amidine group 
was the formaldehyde method of Marcali and 
Rieman (1946), a separate “blank” being deter- 
mined for each base encountered. The results of 
the long period storage tests are given in Table I. 
The drift of pH which occurred (through action 
on the glass, etc.) interferes to some extent with 
the deductions which can be made from the 























TABLE I 
HYDROLYSIS OF AMIDINE GROUPS IN SOLUTIONS STORED FOR 3 YEARS 
} | o/ | 
Expt. Compound Conc. Conditions pH Hydrol. | Remarks 
% Init. | Final] to Ns 
Cpd. 
A, | Stilbamidine Hydrochloride | 1.0 | 5° C., glass, dark 6.7 |6.50| Nil | Some cryst. of N, 
A; | Stilbamidine Hydrochloride | 1.0 °| 5° C., wax, dark | 6.7 |5.98| Nil | Some cryst. of Ny 
B_ | Stilbamidine Hydrochloride | 1.0 | 30-40° C., glass, dark | 3.7 | 5.45 1.7 | No visible N, cryst. 
C_ | Stilbamidine Hydrochloride | 1.0 | 30-40° C., glass, dark | 4.5 | 5.92 5.6 | Small tuft of N, cryst. 
D, Stilbamidine Hydrochloride | 1.0 | 30-40° C., glass, dark 6.7 |6.75| 35.5 | Heavy crop of N; 
| __ Cryst. 
D, | Stilbamidine Hydrochloride | 1.0 | 30-40° C., wax, dark | 6.7 | 5.52 2.6 | No visible N, cryst. 
E, | Stilbamidine Hydrochloride | 1.0 | 30—-40° C., glass, dark | 6.7 | 6.45 |} 28.2 Some N, cryst. 
(Soln. init. insolated 14 hrs.) ae 
E, | Stilbamidine Hydrochloride | 1.0 | 30-40° C., wax, dark | 6.7 | 6.05 5.3 No precipitation 
(Soln. init. insolated 14 hrs.) : ae 
F, | Stilbamidine Hydrochloride | 1.0 | 30-40° C., glass, diffused | 6.7 | 5.50 6.7 | No precipitation 
daylight : 
F, | Stilbamidine Hydrochloride | 1.0 | 30-40° C., wax, diffused | 6.7 | 5.65 6.3 No precipitation 
daylight ; 
G, | Stilbamidine Isethionate 1.5 | 30-40° C., glass, dark — | 6.67} 26.5 — deposit of N, 
cpd. 
G. | Stilbamidine Isethionate 1.5 | 30-40° C., wax, dark | — | 6.25 12.0 —_ deposit of N, 
| cpd. 
H, | Pentamidine Hydrochloride | 1.0 | 30-40° C., glass, dark 7.2 | 5.65 4.8 No precipitation 
H, | Pentamidine Hydrochloride | 1.0 | 30-40° C., wax, dark | 7.2 | 5.15 1.3 No precipitation 











Notes.—1. The symbols N,, N; and N, denote trans-stilbamidine and trans-4-amido-4’-amidinostilbene hydro- 
chlorides and 4: 4’-diamidostilbene respectively. Rete ; 

2. In Expts. E, and E, the total bromine absorption after the initial insolation was 49 per cent of the original 
bromine absorption. 
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results, but there is little doubt that pH and tem- 
perature are of primary importance in determining 
rate of hydrolysis and that it is not a surface 
action, as had previously been suggested (Henry, 
1943). 

Trans-4-amido-4’-am:dinostilbene is more toxic 
than the parent compound. Its formation in the 
body—for which conditions of pH and tempera- 
ture would be favourable—from stilbamidine 
adsorbed and retained for long periods may there- 
fore in part account for the delayed toxic effects 
which have been observed. The occurrence of 
prolonged storage in the body is supported by 
recent examination of the urine of kala-azar 
patients some eighteen months after termination 
of their course of treatment with stilbamidine. 
Apptication of the fluorescence-adsorption tech- 
nique of Henry and Grindley (1945), using 
0.8 c.c. of urine, leaves little doubt that stilb- 
amidine, or a closely related derivative, is still 
being excreted at a low level (0.005-0.03 mg. per 
100 c.c.). In another patient, only 25 per cent 
of the stilbamidine isethionate (4,650 mg.) injected 
intravenously over a period of three months was 
excreted in the urine during the course of treat- 
ment, and 14 days after termination of the course 
the rate of excretion was steady at 0.1 mg. per 
100 c.c. 

Determination ef the site or sites of storage of 
stilbamidine in the body is complicated by the 
difficulty of extracting the drug from adsorbing 
tissue by the usual organic solvents. It is possible 
that the answer may be provided by hydrolysing 
completely both tissue and adsorbed stilbamidine 
with conversion of the latter into the correspond- 
ing stilbene dicarboxylic acid, which can be 
detected and estimated by its fluorescence (cf. 
Henry, 1946), though with no great sensitivity. 
The point is important, in view of the recent use 
by Snapper (1947) of stilbamidine in the treatment 
of multiple myelomatosis. Pentamidine, which 
has been extensively used prophylact cally against 
trypanosomiasis by van Hoof (1947) in the Congo, 
resembles stilbamidine in being strongly adsorbed 
by filter-paper, and is probably also stored in the 
body for long periods. 

It seems highly probable that similar conditions 
of adsorption, storage, and slow release apply for 
the dimer after administration as appear to apply 
for stilbamidine. It has been shown (Henry, 1946) 
that the dimer is strongly adsorbed by filter-paper, 
and can readily be estimated by the fluorescence- 
adsorption technique because irradiation of a dry 
spot on filter-paper with short-wave (ca. 245 mz.) 
ultraviolet light causes reversal of dimerization 


and production of trans-stilbamidine, which can 
then be estimated fluorimetrically. Two sheep 
were injected intravenously, one with 50 mg. of 
stilbamidine isethionate and the other with the 
same quantity of dimer isethionate, and the rate 
of excretion was followed for about 24 hours. 
The results of these tests are recorded in Table II, 


TABLE Il 


EXCRETION OF (/rans-STILBAMIDINE AND DIMER IN THE 
URINE AFTER INTRAVENOUS INJECTION OF 50 MG. 
INTO SHEEP 


Time of injections: 8.43 hours 





| ° ° . 
: Excreted in urine 
Urine é ied 




















Time vol., c.c. mg./100 c.c. mg. 
trans-STILBAMIDINE | 
10.25 | 65 2.0 1.3 
12.30 50 5.5 2.8 
14.15 50 | 5.0 2.5 
15.20 20 3.5 0.7 
16.15 48 1.3 0.7 
08.50 | 42 0.7 0.3 
09.50 50 0.8 0.4 
11.55 60 0.9 0.5 
Total excretion, mg. : | 9.2 
DIMER 
10.25 85 2.5 2.1 
12.30 45 2.8 1.3 
14.15 | 60 0.9 | 0.5 
15.20 53 0.7 | 0.4 
16.15 46 0.6 | 0.3 
08.25 | 55 | 0.45 0.25 
11.05 119 0.3 0.35 
0.1 


11.55 55 0.2 


| 








oa 


Total excretion, mg. : 





and show that retention of the dimer in the body 
is closely similar to that of trans-stilbamidine. The 
estimation of the dimer was carried out by 
spotting-out the urine (neutralized to litmus with 
hydrochloric acid) on filter paper, washing 
radially, exposing the dry spots to short-wave 
ultraviolet radiation, and comparing the spots so 
produced with a series of standard spots which 
had been prepared in sheeps’ urine and treated 
and developed in the same way. 

The results of the x-ray examination by Fulton 
and Dunitz (1947) of the hydrocarbon obtained 
by complete hydrolysis of the saturated irradiation 
product and subsequent decarboxylation are of 
great interest. In the first place—and on the 
assumption that they first proved that carbinol 
formation was inadmissible (otherwise cyclobutane 
formation could have occurred during decarb- 
oxylation)—their results conclusively confirm the 
dimerization theory of the nature of this product, 
which had previously been deduced from kinetic 





and other considerations. Secondly, the apparent 
rectangular, instead of square, shape of the cyclo- 
butane nucleus of the molecule—confirmation of 
which will be awaited with much interest—has a 
very important bearing on the photochemical or 
thermal decomposition of the dimer. From con- 
siderations of bond-force constants and bond 
lengths (cf. Linnett, 1947) decomposition of the 
dimer would be expected to occur across the longer 
sides of the rectangle. According to the dimensions 
of the rectangle given by Fulton and Dunitz (1947) 
(there is an obvious printer’s error in the published 
data) decomposition across the longer sides of the 
rectangle would involve some 9,000 cal./gram 
molecule less than decomposition across the 
shorter sides, and would result in formation of 
trans-stilbamidine and not cis-stilbamidine. There 
is already some evidence (Henry, 1946) that photo- 
chemical decomposition of the dimer produces 
trans-stilbamidine only, and not cis-stilbamidine 
or a mixture of the two isomers ; actual proof of 
this point is rendered difficult by the ready inter- 
convertibility of the cis- and trans- forms on 
irradiation, and by the convertibility of cis- 
stilbamidine into the trans-isomer at high tempera- 
tures (Henry, 1945). The rectangular shape of the 
cyclobutane nucleus is likely to have some bearing 
upon the question of why cis-stilbamidine shows 
no tendency to undergo photochemical dimeriza- 
tion whereas trans-stilbamidine does so readily. 


SUMMARY 


1. A number of points arising out of recent 
publications dealing with the photo-chemical 
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changes which stilbamidine undergoes on irradia- 
tion are discussed. 


2. Hydrolysis of the amidine groups has been 
shown to be dependent primarily upon the tem- 
perature and the pH of the solution. It is a dark 
reaction. 


3. The dimer has been shown to be retained in 
the body after intravenous injection in the same 
way as is stilbamidine itself. 


The author is greatly indebted to Mr. D. N. 
Grindley, who has been associated with much of 
this work. He also expresses his thanks to Dr. E. S. 
Horgan, for carrying out injections of sheep: to Dr. 
T. N. Jewitt, for pH measurements; and to the 
Director, Sudan Medical Service, for permission to 
publish this paper. 
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MIRACIL D, ITS TOXICOLOGY, ABSORPTION, AND 
EXCRETION IN ANIMALS AND HUMAN VOLUNTEERS 


BY 


FRANK HAWKING AND W. FRASER ROSS 
From the National Institute for Medical Research, London, N.W.3 


(Received September 13, 1947) 


Miracil D is a new compound which has been 
devised for the treatment of schistosomiasis 
(bilharziasis). The present paper outlines its be- 
haviour when given to laboratory animals and 
human volunteers. A subsequent paper will give 
information about clinical trials of this compound 
in patients infected with Schistosoma haematobium 
or §. mansoni. 


HISTORY 


The original discovery of the action of miracil 
against schistosomes was made at the Elberfeld 
Research Laboratories of the I. G. Farben- 
industrie, where experimental study of infections 
with S. mansoni was begun by Dr. W. Kikuth in 
1932. A series of compounds, synthesized by Dr. 
Mauss (known as the miracil series), was tested in 
1938 by Kikuth and Génnert and found to have 
considerable activity. Further investigation led in 
1941 to the conclusion that the greatest activity 
against schistosomal infections of monkeys ‘was 
reached in a member of the series designated 
miracil D (Kikuth, Génnert, and Mauss, 1946). 
This compound was investigated pharmacologically 
by Dr. Hecht, who studied it in a limited number of 
mice, rabbits, and cats, and considered that it might 
lead to gradual fatty degeneration. of the liver, 
kidney, and heart muscle. Owing to the war, clini- 
cal trials were impossible and no further progress 
was made in Germany, apart from tests carried out 
by Prof. Vogel, which showed that S. japonicum 
was not susceptible to these compounds. (S. hae- 
matobium could not be tried.) After the military 
occupation of Germany, this information was dis- 
covered by Allied investigators and the compounds 
were studied further in Britain and America. In 
America, Bueding, Higashi, Peters, and Valk (1947) 
found that a majority of mice were cured of 
infections with S. mansoni when treated with 
miracil D in doses of 36 mg. per kg., administered 


intraperitoneally every 8 hours for 18 doses ; these 
doses killed one-quarter of the mice. In Britain 
the pharmacology of miracil D was studied in 
small animals by Wood (1947), who did not con- 
firm the insidious toxicity reported by Hecht ; and 
delicate methods for the estimation of the com- 
pound in body fluids were worked out by Coxon, 
Latner, and King (1947). Early in 1947 we began 
to study its toxicity and behaviour in rabbits, 
monkeys, and human volunteers ; and in July (by 
the kindness of the Medical Director, Southern 
Rhodesia) we were able to begin clinical trials. 
Studies on the toxicity have also been carried out 
by workers at the Wellcome Research Institute 
under Dr. J.S. K. Boyd. To all the above workers 
we are grateful for kindly giving us confidential 
information of their results as they were obtained. 


CHEMISTRY 


Miracil D is the hydrochloride of 1-methyl-4- 
8-diethylaminoethylaminothioxanthone 


NH.CH,CH,N(C;H;)2,HCI 


O 
‘ 
OCD 
\s% ‘. 


It is a crystalline orange-yellow powder which is 
soluble up to | to 2 per cent in water at room 
temperature. When present in body fluids it can 
be estimated by alkalinization and extraction first 
into ether and then into dilute hydrochloric acid. 
The yellow colour of the resultant concentrate is 
estimated at a suitable pH in a Spekker absorptio- 
meter which has been calibrated by means of 
known concentrations of miracil (Coxon, Latner, 
and King, 1947). The sensitivity of this technique 
is sufficient to detect 0.05—0.1 mg. per litre. 
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PHARMACOLOGY 


Miracil has an irritant action when applied 
locally to the tissues, and subcutaneous or intra- 
muscular injection causes considerable inflamma- 
tion and some necrosis. When it is injected intra- 
venously, its toxicity is much greater than when it 
is given by mouth and it tends to cause thrombosis 
of the vein. Consequently, oral administration 1s 
to be preferred. 


According to Kikuth and Génnert (1945, 1948), 
Hecht (1945), and Wood (1947), the maximum 
single doses tolerated by mice are 300 to 1,000 mg. 
per kg. by mouth, 340 to more than 500 mg. p2r 
kg. by subcutaneous injection, and 20 to 30 mg. 
per kg. by intravenous injection. Rabbits tolerate 
single doses of 600 to 800 mg. per kg. by mouth, 
but only 15 to 20 mg. per kg. by intravenous in- 
jection. With repeated oral doses, mice tolerate 
125 mg. per kg. daily for 10 days. Wood found 
that rabbits died after 4 daily doses of 150 mg. 
per kg. or 6 daily doses of 50 mg. per kg. In our 
own experiments rabbits tolerated 28 daily oral 
doses of 50 mg. per kg. but died after 12 or 14 
daily doses of 100 mg. per kg. One monkey 
(No. 70) weighing 3.5 kg. survived a total dose of 
5.45 g. per kg..by mouth, given as 3 doses of 50 
mg. per kg. in 6 days, 13 doses of 100 mg. in 30 
days, and 20 doses of 200 mg. in 30 days. Another 
monkey (No. 105) weighing 4.6 kg. survived a total 
dose of 3.4 g. per kg., given as 17 doses of 200 mg. 
per kg. in 26 days. A third monkey (No. 94) 
weighing 3.6 kg. died after 4.8 g. per kg. given 
as 12 «loses of 400 mg. in 18 days. A fourth (No. 
72) weighing 3.2 kg. died after 5 g. per kg. given as 
13 doses of 200 mg. in 30 days and 6 doses of 
400 mg. in 9 days. Apparently the maximum 
tolerated dose for monkeys is about 200 mg. per 
kg. four times a week. The minimum curative 
dose for mice infected with S$. mansoni is 120 mg. 
per kg. on 6 successive days, while monkeys have 
been cured by two oral doses of 10 mg. per kg. 
(Kikuth and Goénnert). 


Wood reports that intravenous injections into 
rabbits of more than 20 mg./kg. quickly cause 
convulsions, similar to those of picrotoxin or 
strychnine ; often there is head retraction and ex- 
tension of the limbs. In anaesthetized rabbits or 
cats small doses cause no particular effect on the 
cardiovascular system ; larger doses cause depres- 
sion of the heart and dilatation of the peripheral 
vessels. Other investigations on isolated organs 
have shown no significant pharmacological actions, 
except a mild spasmolytic action on intestinal 
muscle. 


ABSORPTION, DISTRIBUTION, AND EXCRETION 


For this work we have estimated miracil in the 
body fluids by the method of Coxon, Latner, and 
King (1947). In one rabbit which had received 
0.8 g. per kg. by mouth, the blood concentration 
of miracil was 1.6 mg. per litre at 24 hours, 1.1 mg. 
at 48 hours, and 0 at 144 hours. Fig. 1 shows the 
curve of the blood concentration after a single dose 
of 0.4 g. per kg. by stomach tube to a monkey 
(No. 94). Absorption was rapid and the concen- 
tration in the blood was sustained for at least 21 
hours. 








08 
cy) 
E 
2 0-4 
g 
wo 
° 
2 
2 02 

° 5 10 15 20 
hours 
FiG. 1.—Blood concentrations of miracil in a monkey 


(No. 94) after a single oral dose of 0.4 g. per kg. 


In 3 monkeys which were receiving oral doses 
of 0.1 to 0.4 g. per kg., daily or every other day, 
the blood concentration 24 hours after the previous 
dose was 0.65, 0.80, and 1.60 mg. per litre respec- 
tively, the concentrations not being in proportion 
to the dosage administered. In a monkey (No. 70) 
which had been receiving 0.2 g. per kg. (20 doses 
in 30 days) the blood was examined 3 days after 
the last dose, and it contained only a trace of 
miracil (O—0.1 mg. per litre). Since 10 mg. per kg.. 
repeated once, is stated by Kikuth and Goénnert to 
be the minimum curative dose for monkeys, this 
dose was given to a. monkey weighing 2.3 kg. ; at 
24 hours the blood concentration was just detect- 
able (about 0.1 mg. per litre), and at 6 hours miracil 
could not be detected. Another monkey weighing 
2.7 kg. was given 20 mg. per kg. ; at 24 hours the 
blood concentration was 0.45 mg. per litre. In a 
third monkey, given 20 mg. per kg., no miracil 
could be detected in a 2.5 c.c. blood sample (i.e. 
probably less than 0.1 mg. per litre). These con- 
centrations should be compared with those ob- 
tained in the blood of human subjects (below). 
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Samples of urine collected from some of these 
monkeys contained 33 to 64 mg. per litre. The 
monkeys in these experiments passed about 100- 
150 c.c. of urine per day. When the administra- 
tion of miracil to two of the above monkeys was 
discontinued the excretion of miracil in the urine 
diminished rapidly and ceased after 3 days or 4 
days respectively. The faeces of the monkeys 
which had received these repeated high doses con- 
tained 3.8 to 10 mg. miracil per g. moist weight. 
The distribution of miracil in the different organs 
was studied in two monkeys which died from pro- 
longed overdosage. Monkey No. 94 had received 
12 doses of 400 mg. per kg. during 18 days, and 
monkey No. 72 had received 13 doses of 200 mg. 
per kg. in 30 days, and 6 doses of 400 mg. per kg. 


TABLE I 


THE CONCENTRATION OF MIRACIL AND ITS DEGRADATION 
PRODUCT IN THE ORGANS OF TWO MONKEYS 


Concentrations in mg. per kg. 
_ Concentration of degradation product 




















Ratio= Concentration of miracil 
| ea 
Miracil | Degradation | Ratio 
| product | 
Organ |———_ i— | —_—— 
No. 94 | No. 72 | No. 94 | No. 72} No. 94 |No. 72 
— ae commenti 
Brain | 3.5 | 1.3 | 60 | 24/17 1/18 
Muscle} 30 5.4 | 1.8 2.2 | 0.006 | 0.41 
Liver | 25 12 | 830 | 140 | 3.2 | 12 
Heart | 21 | 16 | 60 | 98 | 0.29 | 0.61 
Kidney} 93 | 56 | 80 | 13 | 0.09 | 0.23 
Lung | 98 | 63 3.0 | 5.0 | 0.03 | 0.08 
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Fic. 2.—Blood concentrations of miracil in volunteers after single oral doses. 
shown by dotted line, received 50 mg.). 
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in 9 days. The concentrations of miracil extracted 
are shown in Table I. In addition, some of the 
organs yielded considerable quantities of a yellow 
pigment which was extracted by ether but did not 
pass from ether into hydrochloric acid ; presum- 
ably this was a degradation product of miracil in 
which the basic character of the molecule had been 
masked or destroyed. The high concentration of 
miracil in the kidney is presumably due to excre- 
tion of the compound in the urine. The concentra- 
tions in the lung and heart muscle are higher than 
might have been expected, while that in the liver 
is lower. The high concentration of presumed 
degradation product in the liver is easily under- 
stood, since the catabolism of miracil probably 
takes place in this organ ; its high concentration in 
the brain is less easy to explain. 

Miracil was given to six volunteers, one receiv- 
ing it on two occasions. The miracil was taken as 
solution, preferably after a meal, and a piece of 
bread was eaten to provide extra material in the 
stomach and protect the gastric mucous mem- 
brane. The blood concentration curves during the 
first six hours are shown in Fig. 2 and the dose 
schedules and blood concentration of different sub- 
sequent times are given in Table II. Fig. 2 shows 
that absorption of miracil is rapid, a relatively high 
blood concentration being reached in 24 hours ; 
during the next 4 hours, removal of the drug from 
the blood (by degradation, excretion, etc.) may or 
may not be greater than the continued absorption 
from the intestine. There are considerable differ- 
ences between different individuals in the height 
and persistence of the blood concentration after a 











2 
0 7) r 8 
hours 
A—100 mg. (volunteer W.L.M.P., 
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given dose. Absorption from the intestines is 
almost complete, and little appears in the faeces. 
In one volunteer (F.H., after a single dose of 100 
mg.) the faeces during 48 hours contained less than 
3 mg. ; in another (W.F.R., taking 100 mg. twice 
daily) the faeces during the first 30 hours contained 
about 2 mg. ; in a third (P.S., taking 200 mg. twice 
daily) the faeces collected during the first 48 hours 
contained 33 mg.; some of this may have been 
excreted into the. bowel. In volunteers taking 
repeated doses the blood concentrations on the 
second day were usually much higher than the 
corresponding ones on the first day ; but after that 
there was no constant tendency for the blood con- 
centration to rise higher, or for accumulation to 
occur (Table II). When the drug is stopped, it 
disappears from the blood in two or three days. 
The amount of miracil excreted in the urine often 
amounts to about 7 per cent of the dose ingested. 
Since less than 10 per cent of the dose can be 
recovered from the urine and faeces, it appears 
that most of the drug absorbed is broken down in 
the body so that it is not recognized by the test 
employed. The concentration in the urine may be 
as high as 30 mg. per litre, but usually it is much 
lower. When administration of repeated doses of 
the drug is stopped, miracil ceases to appear in the 
urine after 3 days. 

To study the distribution of miracil between the 
different elements in the blood two successive 
samples were taken from volunteer P.S.-after the 
Sth and 7th doses respectively. In the first experi- 
ment, the concentration of miracil in the different 
components was : — 

Plasma sample (approximately 44 per cent of 
total volume), 1.2 mg. per litre. 
Red blood corpuscle sample (approximately 

44 per cent of total volume), 0.7 mg. per litre. 

Intervening sample, including buffy coat 

W.B.C. (approximately 12 per cent), 3.0 mg. per 

litre. . 


In the second experiment, the concentrations 
were : — 

Whole blood, 1.2 mg. per litre. 

Plasma (63 per cent of the volume), 1.5 mg. 
per litre. 

Red blood corpuscles (36 per cent of the 
volume), 0.5 mg. per litre. 

Buffy coat layer (1 per cent of the volume), 
7.0 mg. per litre. 


The figure for the buffy coat (leucocyte) layer in 
the second experiment was obtained by calcula- 
tion from the preceding figures and is not reliable. 
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These provisional results indicate that the concen- 
tration in the plasma is approximately double that 
in the red blood corpuscles and that the concentra- 
tion in the leucocytes (or platelets) is probably 
much higher ; however, the leucocytes contain only 
a small proportion of the total amount present in 
the whole blood, since their volume is small. 


Toxic EFFECTS OF MIRACIL 


In rabbits, repeated large oral doses of miracil, 
e.g., 0.4 g. per kg. daily, cause death after eight or 
more days. In the rabbits which eventually died 
there was marked loss of weight, haemo-concentra- 
tion, and occasionally albuminuria. There was no 
anaemia or leucopenia. At autopsy the body fat 
and other tissues were often stained yellow (pre- 
sumably with miracil), the kidneys sometimes 
appeared unhealthy, and the liver might be yellow 
and might contain white patches. Histological in- 
vestigation revealed, in one rabbit, marked degen- 
eration (sometimes going on to necrosis) of the 
cells of the renal tubules and areas of necrosis in 
the liver; in most of the rabbits, however, the 
degenerative changes in the kidneys and liver were 
quite mild, and in some they were inapparent. The 
other organs, including the heart, showed no 
pathological changes. 

Four monkeys were given repeated oral doses. 
Vomiting often occurred after the early doses, but 
it ceased later when the same amount of miracil as 
before was given with a smaller volume of fluid 
(suspension in gum acacia). The monkeys showed 
intermittent diarrhoea, but the significance of this is 
doubtful as many other monkeys in the same room 
also showed it. Two of the monkeys gained 3—6 
per cent in weight, two lost about 10 per cent while 
under treatment. Two of the monkeys died. One: 
had shown no particular clinical symptoms except 
that on the day preceding death there had been 
marked lassitude and anorexia. The other one 
developed epileptiform fits, recurring at intervals ; 
and, as death seemed imminent, it was killed. - 
There was no anaemia, leucopenia, or albuminuria 
in these monkeys. At autopsy, the abdominal 
organs were stained yellow, especially the liver. 
Histological examination revealed slight degenera- 
tive changes in the renal tubules of one monkey ; 
in the other monkey the kidney showed nothing 
abnormal. The other organs, including the liver 
and heart, showed no significant pathological 
changes. 

In man, overdosage of miracil seems to produce 
a different picture. It was given to six volunteers 
as described above, the dosage being raised until 
symptoms appeared ; their weights ranged from 64 
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to 80 kg. A single dose of 0.2 g. (F.H.) caused 
some uneasiness of the stomach during the second 
twenty-four hours after it. A single dose of 0.3 xz. 
was taken by R.H. at 10 a.m., and during the first 
day he felt tired; he suffered from insomnia 
during the second part of the night. Next morning 
he felt nauseated and at midday he vomited. Later 
he had slight diarrhoea and felt tired and irritable, 
but he slept well that night. The third day he was 
all right again. (Dr. J. S. K. Boyd has kindly given 
information about two other volunteers on single 
doses. One took 0.2 g. with no ill-effects. The 
other took 0.4 g. about 2 p.m. That evening there 
was slight gastric discomfort which continued the 
next day. Sleep was disturbed. Forty-eight hours 
after taking the dose severe nausea, diarrhoea, and 
retching set in and persisted until the following 
morning, after which gradual improvement 
occurred.) Volunteer S.G.C. received 0.1 g. three 
times daily for three days. On the second night he 
had insomnia. On the evening of the third day he 
felt very tired with some aching of the legs and 
dizziness. The sclerotics were yellow. During the 
third night he awoke with headache, pains in the 
limbs, nausea, and great restlessness ; he felt very 
ill. During the fourth day he had headache, ex- 
treme lassitude, nausea, and stayed in bed all day, 
but his appetite was fair. These symptoms passed 
off gradually and by the sixth day (third day from 
the last dose) he was normal again. Volunteer 
P.S. took 0.2 g. twice daily for 7 doses. He slept 
badly on the second night. On the fourth day he 
felt increasing nausea and fatigue and that night 
slept badly. His skin and sclerotics were yellow. 
On the fifth day the general nausea and malaise 
continued ; on the sixth day his condition improved 
and by the eighth day he was normal again. 


Summary of the symptoms in volunteers.—After 
single doses there was no immediate effect on the 
stomach or intestines and the symptoms usually 
did not appear until after a latent period of 18—24 
hours. As can be seen from Table II, the occur- 
rence of symptoms is not related to the concentra- 
tion of miracil in the blood. The principal 
symptom was nausea, often profound ; but vomit- 
ing was rare. There was also tiredness, prostra- 
tion, and headache. Insomnia occurred in most 
volunteers, suggesting cerebral excitation. The 
skin and sclerotics were often yellow (apparently 
direct staining) and the urine was bright yellow. 


Two of the volunteers noted pains in the back or, 


limbs. Diarrhoea was rare, in fact most of the 
volunteers tended to be constipated. There was no 
evidence of leucopenia, albuminuria, or jaundice. 
As it has later been found that patients can tolerate 


0.6 g. or more daily without severe ill-effects, it 
is possible that some of the above symptoms in 
volunteers may have had a psychological element. 


DISCUSSION 

The above work was undertaken in order to 
obtain a provisional picture of the behaviour of 
miracil in monkeys and man so that the thera- 
peutic action of the compound in patients infected 
with schistosomes could be examined safely and 
easily ; more detailed investigation of its phar- 
macology would depend on the outcome of these 
clinical trials. The following account of the be- 
haviour of miracil must be regarded as only 
tentative. 

Miracil is rapidly and completely absorbed from 
the alimentary canal; only a small proportion 
appears in the faeces, and this may be due to ex- 
cretion by the bile or intestine. Excretion in the 
urine accounts for up to 7 per cent (approx.) of 
the dose. Degradation of the compound in the 
body is fairly rapid, and on repeated doses there 
is no obvious accumulation of the compound in 
the blood after the first day. When administration 
of the drug is stopped, the body gets rid of the 
remaining drug in about three days. In the blood, 
the concentration in the plasma is approximately 
twice that in the red blood corpuscles ; the concen- 
tration in the leucocytes is probably much higher. 

The toxic effects, produced by deliberate over- 
dosage in animals, involve principally the kidneys 
and liver ; they occur only after large and repeated 
doses, and even then they are often slight. In our 
experiments we have seen no evidence of the toxic 
effects on the heart which Hecht reported, and we 
believe that he was mistaken. In man the symptoms 
are apparently not due to a direct action of miracil 
on the stomach or intestines ; they seem to be due 
rather to some degradation product of miracil 
acting perhaps on certain parts of the nervous 
system so as to produce nausea and the other dis- 
turbances described. The symptoms are unpleasant 
rather than dangerous. 


SUMMARY 

1. Miracil is a new compound, synthesized by 
Mauss and stated by Kikuth and G6nnert to be 
highly effective in the treatment of mice and 
monkeys experimentally infected with Schistosoma 
mansoni, Chemically it is the hydrochloride of 1- 
methyl - 4-8-diethylaminoethylaminothioxanthone. 
It is administered by mouth. - 

2. Rabbits tolerate repeated daily doses of 
50 mg. per kg. and monkeys tolerate 200 mg. per 
kg. four times a week. 
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3. Its behaviour after oral administration has 
been examined in six volunteers. Apparently it is 
rapidly absorbed from the alimentary canal, and, 
after single doses of 0.2 g., the concentration in the 
blood rises to about 1.0 mg. per litre at 24 hours. 
Over 90 per cent of the drug is degraded in the 
body and only about 7 per cent is excreted in the 
urine. There is little tendency for the drug to 
accumulate in the body. 


4. The concentration in the plasma is about 
twice that in the red blood corpuscles ; the con- 
centration in the leucocytes is probably much 
higher. 


5. In animals, deliberate prolonged overdosage 
may produce degenerative changes in the liver and 
the renal tubules, but these are usually less than 
would be expected. 


6. In volunteers the maximum tolerated dose 
for repeated administration was about 0.2 g. 
per day. Overdosage produced nausea and general 
prostration ; insomnia and yellow discoloration of 


N* 


the skin and sclerotics also occurred. These symp- 
toms came on after a latent period of about one 
day. 


Grateful acknowledgment is due to the previous 
workers on miracil, mentioned in the paper, for confi- 
dential information about their results, and especially 
to Dr. R. V. Coxon, Dr. A. L. Latner, and Prof. E. J. 
King for the instruction in the technique of estimating 
miracid ; to the volunteers who experienced unpleasant 
discomfort in order to assist these investigations ; and 
to Mr. R. Hunt for technical assistance. 
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The experiments described below were under- 
taken in order to obtain quantitative comparisons 
of the actions of various histamine antagonists 
on various different tissues. Consideration has 
also been given to methods of carrying out two 
special types of experiment: the estimation of 
histamine antagonists by biological assay, and their 
use to aid the identification of histamine in tissue 
extracts and other fluids (Pellerat and Murat, 
1945). 

In order to test the specificity of the various 
antagonisms a number of drugs have been used 
to cause effects which were subsequently sup- 
pressed by the different antagonists. These active 
drugs included histamine, acetylcholine, potassium, 
nicotine, and adrenaline. In discussing these 
experiments the need has been felt for a collective 
term to describe these active drugs, and the word 
“agonist” has been adopted with some hesita- 
tion for this purpose. It may perhaps also be 
convenient in discussing other forms of antagon- 
ism to use this word to describe the active drug 
(acetylcholine, adrenaline, p-amino-benzoic acid, 
etc.) and to use the word antagonist to describe 
the drug (atropine, ergotoxine, sulphanilamide, 
etc.) which suppresses the action of the agonist. 


METHODS 


The formulae of the various antagonists used are 
shown below. 


Va N 
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\ee/ 
‘SN.CH,CH;NMe, On 
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p-MeO.C,H,CH; oHeH. CH,NMe, 
Neoantergan 3277 RP 
Pn, — —CH; NH.CH,CH,NEt, 
CH.CH/ ae N— CH, co 
Antistin \ 
CoH, N/OGHs 
HOCH.CH.NMe, 
C.Hs Nupercaine 
Benadryl] 


1947) 


Concentrations of histamine are calculated in 
terms of histamine base and those of the other 
drugs either as molar concentrations or in terms of 
the salt used (nicotine tartrate, neoantergan maleate, 
antistin methane sulphonate and hydrochlorides of 
the other drugs). 

Pieces of gujnea-pig’s ileum, 2-3 cm. long, were 
aerated in a 2-c.c. bath containing Tyrode’s solution. 
The bath was connected with two flasks so that it 
could be filled either with ordinary Tyrode’s solu- 


tion or with a similar solution containing the 
antagonist. 
Pieces of uterus from rabbits, cats, and guinea- 


pigs were suspended in a 40-c.c. bath filled with Dale's 
solution. Some of these uteri had been stored over- 
night at 4° C. 

Isolated hearts from rabbits and cats were per- 
fused with thoroughly oxygenated Locke’s solution 
by Langendorff’s method. The drugs were injected 
through the rubber tubing, close to the aorta. In all 
these experiments the temperature was 37° C. 

Experiments on frog’s plexus anaesthesia were 
carried out at room temperature by Sollmann’s 
method as described by Biilbring and Wajda (1945). 


RESULTS 
Guinea-pig’s ileum 

Much previous work on the action of 
antihistamine compounds on isolated intestine 
has been devoted to antergan, benadryl and pyri- 
benzamine, which are not included in this study 
(Halpern, 1942 ; Loew et al., 1946 ; Winder et al., 
1946 ; Halpern and Mauric, 1946); Bovet (1944) 
and his collaborators give data for neoantergan. 
Meyer and Bucher (1946) found that antistin was 
more active against histamine than against acety]- 
choline. According to Halpern and Ducrot (1946) 
3277 RP is not much more active against hista- 
mine than antergan, but Winter (1947) reports that 
3277 RP is less active than neoantergan and more 
active than benadryl. 

The results of such investigations are likely to 
depend to some exent on the design of the experi- 
ment. The method proposed by Schild (1947) 
appears to be particularly satisfactory, and has 
been adopted here. The action of the agonist is 
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‘ first tested in ordinary Tyrode’s solution, and a 


number of equal submaximal effects obtained at 
regular intervals. A similar solution containing the 
antagonist is then used to fill the bath and the dose 
of the agonist is doubled. The response may be 
increased at first, but it gradually diminishes and 
usually reaches a steady level in about 15 minutes. 
The object of the experiment is to find a concen- 
tration of the antagonist such that these final 
responses after 15 min. are equal to the original 
responses to half the dose in the absence of the 
antagonist. The whole experiment is repeated 
until this concentration is found. The negative 
logarithm of the molar concentration which has 
this effect is defined as the pA,. Two tests with 
different drugs are shown in Fig. 1. In the first 
test the concentration of the antagonist was too 
low and in the second it was too high. 

The pA, can be determined by plotting the 
results by the method shown in Fig. 2, in which 

















L ACh 7 A- w/ 1. al} 
5 6 7 8 9 


Fic. 2.—Guinea-pig’s intestine. Ordinates: mean 
response (4-10 tests) to a double dose as percentage 
of the response to a single dose without antagonist. 
Abscissae: negative log. molar concentration of 
antagonist. ACh =acetylcholine. H =histamine. 
N =neoantergan. T =3277 RP. A =antistin. P= 
nupercaine. Vertical lines show + the estimated 
standard error. on 


the final response is calculated as a percentage 
of the initial response and plotted against the 
logarithm of the concentration of the antagonist. 
The figure corresponding to 100 per cent on this 
graph is the pA,, and is determined by interpola- 
tion; the points can be satisfactorily fitted by 
straight lines. The points plotted in Fig. 2 are 
mostly means obtained from several experiments 
and the Figure shows standard errors calculated 
from the individual results ; these show that the 
results are reasonably reliable, but more satisfac- 
tory evidence of the error of the method can be 
obtained by comparing independent estimates of 
the pA, using different pieces of gut. A few such 
estimates are shown in the Table; these results 
confirm the value of the method, and show the high 


potency of neoantergan and 3277 RP. The mean 
relative molar activities of the various drugs 
against histamine were nupercaine 1, antistin 125, 
3277 RP 4,000, and neoantergan 5,500. Neoan- 
tergan is also much the most specific of these drugs. 
The ratio of its activity against histamine to its 
activity against acetylcholine was 19,500. The 
corresponding figure for antistin was 159, and for 
3277 RP it was 36.5. 

The procedure involves the assumption that after 
15 min. the response to the agonist would remain 
unchanged. The fact that this is not certain may 
account for some of the variations in the results. 
Duplicate tests on the same piece of gut were some- 
times done when the effect of the antagonist was 
quickly reversible and the inhibitions in such 
experiments usually agreed within 10—15 per cent. 
The time for recovery after 3277 RP was longer 
than after the other drugs. 

The biological assay of neoantergan.—The above 
procedure would be a slow way of making biologi- 
cal assays of antihistamines. These can be carried 
out by giving a series of equal doses of histamine 
and observing the depression of the responses due 
to a brief addition of the antagonist to the bath. 
Fig. 3 shows that the effect of 0.002 yg. of neo- 
antergan could be distingushed in this way from 
that of 0.001 »g. in the 2-c.c. bath. The effect was 
not always of this type, since the maximum depres- 
sion sometimes occurred in the second response 
after the action of the antagonist. In judging the 
magnitude of the whole effect it is probably best to 
consider not only the maximum depression, but also 
the duration of the depression, since this was also 
increased when larger doses were used. It is - 
possible in this way to make a rough assay of very 
small amounts of neoantergan, but care is needed, 
since the inhibition sometimes becomes weaker on 
successive additions of neoantergan (cf. Ackermann 
and Maurer, 1944). 

The use of neoantergan as a specific test for hista- 
mine.—When the response of a piece of gut to a” 
tissue extract is abolished by neoantergan this fact 
may be taken as evidence that the effect of the 
tissue extract was due to histamine, but the evi- 
dence is only convincing if the concentration of 
neoantergan is very low, since high concentrations 
abolish the responses to most drugs. A satisfac- 
tory method of carrying out tests of this kind is 
first to find doses of the extract and of histamine 
which cause equal effects, and then to continue 
giving these doses alternately and to study the 
effect, in the series of responses, of a brief addition 
(1 min.) of a small dose of neoantergan to the bath. 
The dose of neoantergan is chosen so as to pro- 
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TABLE 
Values of pA, for guinea-pig’s ileam—the negative logarithm of the molar concentration of antagonist 
which halves the sensitivity. Individual values, followed by value from Fig. 2 
| | 
Antagonist Histamine Acetylcholine Difference 
Neoantergan | 9.21, 9.41,9.49 | 9.32 | 4.95, 5.04 5.03 4.29 
9.29, 9.29 | | 5.19 | 
eietaidalsanaaaaiaatiaidaaeiia SS = = — — aa 
RP 3277 9.07, 9.09 9.18 | 7.67, 7.68 | 7.62 1.56 
9.21 | 
ee De Lee ee ee | a 
Antistin 7.55, 7.66 7.67 | 5.46, 5.57 5.47 | 2.20 
7.95, 7.95, 7.95 | 5.58, 5.55 | 
ES Sie A See ewes a. os 
Nupercaine | 5.32, 3.7 5.58 | | 
Results by Schild (1947) | 
Neoantergan | 9.46 4.86 — 4.6 
Benadryl | §8.02 6.57 | 1.45 
Pethidine | 6.13 5.84 | 0.29 
Atropine | 5.64 8.61 | — 3.03 
i 
duce 50-70 per cent inhibition of the subsequent J/solated uterus 
response to histamine. The concentration of neo- Certain antihistamines themselves cause a 


antergan for this effect is usually about 1/10 
of the concentration of histamine. 

Such an experiment is illustrated in Fig. 4, which 
shows that the action of neoantergan on the 
responses to the extract and to histamine were 
about equal both in magnitude and in duration. 
Such results provide evidence that the effect of the 
tissue extract was due to histamine. This is fur- 
ther illustrated in Fig. 5. In the first experiment 
shown there the extract was first compared both 
with histamine and with acetylcholine. The addi- 
tion of neoantergan to the bath for 1 min. abolished 
the response to the extract and to histamine, but 
did not diminish the response to acetylcholine. 
In the second experiment neoantergan almost 
abolished the response to histamine but had little 
effect on the response to nicotine. In another 
experiment the. response to nicotine tartrate 
(1 mg./1.) was unaffected by concentrations up ‘o 
400 p»g./1. of neoantergan, but partially inhibited 
by a concentration of 4,000 yg. /1., while a concen- 
tration of 1 »g./1. was sufficient to produce a marked 
and prolonged inhibition of equivalent responses 
to histamine. In another experiment the agonists 
were histamine (10 »g./1.) and KCl (800 mg./1.). 
The effect of histamine was completely abolished 
by neoantergan in a concentration of 10 “g./l. The 
effect of KCl was unaffected even when the 

- concentration of neoantergan was increased to 
1 mg./l. and was only partly inhibited when the 
concentration was 5 mg./l. The last result is shown 

in Fig. 5C, 


contraction of the uterus which complicates 
experiments on their antagonism to histamine 
(Halpern, 1942). This antagonism has, how- 
ever, been shown when the direct effect was 
abolished by leaving the antagonist in the bath for 
1-2 hours (Bovet and Walthert, 1944), or by 
reducing the calcium concentration of the fluid 
(Halpern and Walthert, 1945), or by using small 
doses of the antagonist (Dews and Graham, 1946). 
Thiodiphenylamine compounds, such as 3277 RP, 
have been found to have no effect by themselves, 
but to antagonize histamine (Halpern and Ducrot, 
1946). 

Non-pregnant cat.—Neoantergan did not cause 
coptraction of these uteri in concentrations up to 
4 mg./1. Histamine (15—150 yg./1.) caused contrac- 
tions which were abolished by equal concentrations 
of neoantergan. Lower concentrations of neoan- 
tergan (1/10 that of the histamine) still reduced 
the response by about 50 per cent. Higher con- 
centrations were needed to interrupt an established 
histamine-response. Responses due to acetyl- 
choline were unaffected by neoantergan in concen- 
trations which abolished equivalent responses to 
histamine. 

3277 RP (3 mg./1.) had no effect by itself, and 
did not interrupt an established response to hista- 
mine. If added 1-2 min. before histamine in 
equal concentration, it had little effect on the first 
subsequent response, but inhibited the second 
response completely. Recovery of the response to 
histamine was slow. 














COMPARISONS OF HISTAMINE ANTAGONISTS 177 


Fic. 1.—Guinea-pig’s intestine. 
testing antagonists. Responses to acetylcholine, 
12.5 wg./1. Dose doubled at times marked with a dot. 
Bath contained the antagonist at the times marked 
with a line. The effect of (A) neoantergan (2,500 
pg./l.) was less than that of (B) 3277 RP (25 yg./L.). 


Fic. 4.—Guinea-pig’s intestine. 


Test to identify histamine 
in an extract. Responses at 
intervals of | min. The line 
joins responses due to 0.2 
c.c. of urine extract. Other 
effects are due to histamine 
(7.5 pg./l.) except the first 
(7 yg./l.). N =neoantergan 
(0.8 wg./l.) for 1 min. This 
causes roughly equal inhibi- 
tions of the effects of the 
extract and of the histamine 
given in alternate doses. 





Schild’s method of 


\ 
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Fic. 








Fic. 3.—Guinea-pig’s intestine. Assay of 
neoantergan. Responses to histamine (10 
pg./l.) at intervals of 1 min. Inhibitory 
effects of neoantergan for 1 min. Effect 
of 1 ywg./l. greater than that of 0.5 yg./1. 





A 


5.—Guinea-pig’s intestine. NA indicates neoantergan 
administration. A.—-Neoantergan (0.5 yg./|. for 1 min.) 
inhibited the response to histamine (5 yg./I., H) and 0.2 c.c. of 
the extract (T), but not that to acetylcholine (25 yg. /I., C). 
B.—Neoantergan (10 yug./l. for 1 min.) inhibited the response 
to histamine (10 yg./I., H) much more than that to nicotiné 
(1 mg./l., N). C.—Neoantergan (5 mg./I. for 1 min.) inhibited 
the response to KCI (0.8 mg./ml.). 


Fic. 6.—Uteri in 40 ml. bath. 
A.—Guinea-pig. Neoanter- 
gan (0.5 wg. for | min.) 
inhibited the response to 
histamine (10 yg.) but not 
that to acetylcholine (10 yg.). 
B.—Guinea-pig. Neoantergan 
(100 yg.) increased the res- 
ponse to KCl (60 mg.). 
C.—Rabbit. Neoantergan 
(15 yg.) inhibited the res- 
ponse to histamine (25 xg.), 
but not that to adrenaline 
(25 pg.). 








178 


The antihistamine activity of benadryl was 
clearly shown, though less than that of neoantergan. 
On the other hand, benadryl showed pronounced 
antagonism to acetylcholine. 

Rabbit.—Both pregnant and non-pregnant uteri 
were used and no difference was seen between 
them. Neither neoantergan nor 3277 RP had any 
direct effect in concentrations up to 3 mg./l. The 
response to histamine (1.7 mg./1l.) was completely 
inhibited by neoantergan (0.35 mg./1.) added 1 min. 
previously. Recovery occurred after several wash- 
ings and the inhibition could be repeated. In 
another experiment, neoantergan ,(0.7 mg./1.) in- 
hibited an established response to histamine 
(1.7 mg./1.). 

Antistin was a less powerful histamine-antagonist 
than neoantergan on this preparation as it was on 
other preparations. 

Rabbit uterus differs from the intestine and the 
other uteri used in that it is stimulated by adrena- 
line, so that it provides an opportunity for study- 
ing adrenaline-antagonisms. Fig. 6C shows that the 
response to adrenaline was unaffected by a dose of 
neoantergan which abolished the response to hista- 
mine. Neoantergan (1,700 yg./1.) had no effect 
on the response of this tissue to acetylcholine 
(70 »g./1.), but 3277 RP in the same concentration 
completely abolished the response to acetylcholine 
as well as that to histamine. Benadryl (350 yg./1.) 
was also active against acetylcholine. 

Non-pregnant guinea-pig.—Neoantergan had no 
direct effect in concentrations of 1 mg./I. or less, 
but a concentration of»5 mg. /1. caused a small con- 
traction. In lower concentrations (16-50 yg./1. for 
{ min.) it abolished the response to histamine 
(300 yg./1.) but not that to acetylcholine (cf. Fig. 
6A). It did not inhibit the response to KCI, but 
increased it when high concentrations (2.5 mg./I.) 
were used (see Fig. 6B). 3,277 RP also antagonized 
the response to histamine. 


Isolated heart 

Experiments on the heart were in progress 
when the paper of Dews and Graham (1946) 
appeared. These authors found that neoantergan 
antagonized the action of histamine on the rabbit's 
auricle and on the coronary flow in isolated hearts 
from cats and dogs. 

Cat's heart.—The injection of 0.3-0.5 ug. of hist- 
amine increased the coronary flow and larger doses 
(5-10 yg.) increased the amplitude and rate of the 
beat. All the antihistamine drugs tested (antergan, 
neoantergan, benadryl, and 3277 RP) increased the 
coronary flow and depressed the force and rate of 
the beat. They all had some antihistamine action, 
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but this action was less than in the experiments on 
the intestine and uterus. The action of neoan- 
tergan was more than 3 times that of benadryl. 

Rabbit's heart—In some of the earlier experi- 
ments the hearts did not beat, apparently because 
of deficient oxygenation. These experiments pro- 
vided an opportunity for studying effects on the 
coronary flow uncomplicated by the secondary 
effects of changes in the beat which have been dis- 
cussed by various authors (see Hammouda and 
Kinosita, 1926). The experiments may be com- 
pared with those of Wiggers (1909), who deliber- 
ately stopped the beat in order to avoid such 
complications. 

Histamine (20 »g.) always decreased the flow. 
Antergan (56 yg.) increased the flow slightly, and 
when given 1 min. before histamine it abolished 
and sometimes reversed the effect of the latter 
drug. In one experiment 3277 RP (50 pg.) in- 
creased the flow and caused a small diminution of 
the effect of histamine. 

When the heart was beating the antihistamine 
drugs depressed the amplitude of the beat to various 
degrees and they all decreased the stimulation 
due to histamine, but normally did not abolish it 
entirely. Neoantergan was more active than 3277 
RP and more than 3 times as active as antistin. In 
a dose of 25 yg. it had a large effect against 4 yg. 
of histamine, but was almost inactive against 20 yg. 
Similar doses of benadryl! abolished the response to 
0.5 ug. of histamine, but only slightly depressed the 
response to 1 yg. 
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Fic. 7.—Frog’s plexus anaesthesia. Ordinates: time to 
onset of anaesthesia in minutes. Abscissae: negative 
log. molar concentration. A= Antistin. N= 
Neoantergan. B-=Benadryl. T=3277 RP. P= 
Nupercaine. Each point is the mean of 4-8 tests 
+. the estimated standard error. 
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Local anaesthesia 

Halpern (1942) states that derivatives of the 
antergan series are potent local anaesthetics, but 
gives no details. Benadryl (Friedlander and 
Feinberg, 1946) and antistin (Meyer and Bucher, 
1946) have been shown to be local anaesthetics. 
Using intracutaneous injections in guinea-pigs, 
Dews and Graham (1946) found that neoantergan 
was 3.1 times as potent as procaine, and Leavitt 
and Code (1947) found that benadryl was 2.5-6 
times as active as procaine in human beings. 

Fig. 7 shows the results of a comparison of four 
antihistamine drugs with nupercaine, by their effect 
on the frog’s lumbar plexus. The time to the 
onset of anaesthesia is plotted against the logarithm 
of the concentration and the results fitted by 
straight lines. As judged by the concentrations 
needed to cause anaesthesia in 15 min. the relative 
molar activities of the drugs tested were as follows 
—nupercaine 100, 3277 RP 30, benadryl 26, neo- 
antergan 5.5, antistin 3. 


DISCUSSION 


The experiments with guinea-pig ileum gave the 
best estimates of the relative activity of the various 
drugs against histamine (see Table). Neoantergan 
was the most active, 3277 RP was slightly less 
active, but its effect was slower in onset and lasted 
longer. Antistin was much less active. 

Experiments on the uteri and isolated hearts 
were less complete but gave similar results. When- 
ever they were tested the above drugs showed 
antihistamine activity and the order of their 
activities was as given above. 2 

The activity of the thiodiphenylamine drugs was 
discovered by Halpern and Ducrot (1946), who 
found that when 10-20 mg. of 3277 RP was in- 
jected subcutaneously in guinea-pigs it protected 
them against the immediate effects of 1,400—1,500 
lethal doses of histamine given intravenously 20 
min. later, while neoantergan only protected them 
against 100 lethal doses. It was therefore surpris- 
ing that 3277 RP was slightly less active than neo- 
antergan on isolated organs. The meaning of this 
discrepancy is obscure, but may perhaps be related 
to the fact that the effects of 3277 RP are more 
prolonged. The results described above are more 
easily reconcilable with those of Winter (1947), who 
found that neoantergan was more active than 3277 
RP in antagonizing bronchospasm, contraction of 
the intestine and the lethal effect of small doses of 
histamine in guinea-pigs. 

Besides being the most active of these drugs 
against histamine, neoantergan is, so far, also the 


most specific. Benadryl and 3277 RP are both 
much more active than neoantergan against acetyl- 
choline not only on the intestine but also on the 
uterus. Antistin has little action against acetyl- 
choline on the intestine, but neoantergan has less 
still. The specificity of neoantergan was also 
shown in experiments with other agonists. In con- 
centrations which suppressed the action of hista- 
mine it has little or no effect on the actions of 
potassium or nicotine on the guinea-pig’s intestine 
or on the action of adrenaline on the rabbit’s uterus. 
Higher concentrations did, however, antagonize the 
actions of all the drugs used in experiments on the 
intestine, and according to Bovet and Walthert 
(1944) neoantergan also antagonizes the response 
of the rabbit’s uterus to adrenaline. These results 
probably explain the conclusions of Danielopolu 
et al. (1941—5), who deny any specificity to anter- 
gan. They certainly used very large quantities of 
the drug, although the exact dose is not mentioned. 
Schild (1947) also found that antihistamines in 
sufficient concentrations antagonize the actions of 
other drugs besides histamine. Neoantergan is 
clearly the best of the drugs studied to use in 
specific tests for histamine, but it is useless if high 
concentrations are used. Experiments of the type 
shown in Fig. 4 ‘are particularly suitable for tests 
of this kind, since they provide a quantitative 
comparison of ‘the antagonism of the drug to 
histamine and to the unknown solution. 

The antihistamine drugs were found to depress 
the isolated heart and dilate the coronary vessels. 
They antagonized the actions of histamine on the 
force of the beat and on the coronaries, whether 
this was constrictor or dilator. The fact that this 
antihistamine action was comparatively feeble 
may perhaps be due to the conditions of adminis- 
tration, since the tissues were only exposed to the 
drugs for a very short time. 

The local anaesthetic effects of these drugs were 
quite unrelated to their action against histamine, 
but may perhaps be related to their action against 
acetylcholine. Benadryl and 3277 RP were, in 
fact, much more potent than antistin and neoan- 
tergan, both as local anaesthetics and as acetyl- 
choline-antagonists. It would, however, be unwise 
to lay stress on these facts until the experiments 
have been extended to other drugs and to other 
methods of testing for local anaesthesia. 


SUMMARY 


1. The actions of a number of histamine- 
antagonists on isolated organs have been compared 
in various ways. 
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2. When tested by their power to antagonize 


histamine they were placed in the following order 
of descending activity—neoantergan, 3277 RP, 
benadryl, antistin, nupercaine. 

3. Neoantergan was the most specific of the 
drugs used. Its action against histamine was 
greatest, and its action against acetylcholine was 
least. Its action against nicotine, potassium, and 
adrenaline was much smaller than its action against 
histamine. 

4. Neoantergan is the best of these drugs to 
use in the identification of histamine in unknown 
solutions, but may give misleading results unless 
used in very low concentrations. A method of 
carrying out such tests is described. 

5. A method for the rough biological assay ef 
neoantergan is described which involves the use of 
only about 0.002 yg. of the drug per dose. 

6. The antihistamines tested depressed the beat 
of isolated hearts and increased the coronary flow. 

7. The activity of these drugs as local anaes- 
thetics on the frog’s lumbar plexus appeared to be 
more nearly related to their activity against 
acetylcholine than to their activity against 
histamine. 

These experiments were done during the tenure of 
a British Council scholarship. 

I am glad to express my thanks to Prof. J. H. 
Gaddum for his hospitality and help, and to Dr. H. 


Adam for urinary extracts and the tracing shown in 
Fig. 4. 
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